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possesses a 3'-5' proofreading exonuclease activity. The thermostable enzyme may be native or 
recombinant and may be used for second-strand cDNA synthesis in cDNA cloning, DNA sequencing, 
and DNA amplification. 
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FIELD OF THE INVENTION 

The present invention relates to an extremely thermostable enzyme. More specifically, it relates to a ther- 
mostable ONA polymerase obtainable from Thermococcus litoralis. 

5 

CROSS-REFERENCE TO RELATED APPLICATIONS 

The present application is a continuation-in-part of U.S. Application Serial No. 07/626,057 filed December 
1 1, 1990, which Is a continuation-in-part of U.S. Application 07/513,994 filed April 26, 1990. 

10 

BACKGROUND OF THE INVENTION 

DNA polymerases are a family of enzymes involved in DNA repair and replication. Extensive research has 
been conducted on the isolation of DNA polymerases from mesophiiic microorganisms such as E. coli. see, 
15 forexample, Bessman. et al.. J. Biol. Chem. (1957) 233:171-177 and Buttinand Komberg J. Biol. Chem . (1966) 
241:5419-5427. 

Examples of DNA polymerases isolated from E. coN include E. coli DNA polymerase I, Klenow fragment 
of E. coli DNA polymerase I and T4 DNA polymerase. These enzymes have a variety of uses in recombinant 
DNA technology including, for example, labelling of DNA by nick translation, second-strand cDNA synthesis 

20 in cDNA cloning, and DNA sequencing. See Maniatis, et al., Molecular Cloning: A Laboratory Manual (1 982). 
Recently, U.S. Patent Nos. 4,683,195, 4,683,202 and 4,800,159 disclosed the use of the above enzymes in a 
process for amplifying, detecting, and/or cloning nucleic acid sequences. This process, commonly referred to 
as polymerase chain reaction (PCR), involves the use of a polymerase, primers and nucleotide triphosphates 
to amplify existing nucleic acid sequences. 

25 The DNA polymerases discussed above possess a 3' -5 1 exonuclease activity which provides a proofread- 
ing function that gives DNA replication much higher fidelity than it would have if synthesis were the result of 
only a one base-pairing selection step. Bruttag, D. and Komberg, A., J. Biol. Chem.. (1972) 247:241-248. DNA 
polymerases with 3'-5' proofreading exonuclease activity have a substantially lower base incorporation error 
rate when compared with a non-proofreading exonuclease-possessing polymerase. Chang, LM.S., J. Biol. 

30 Chem.. (1977) 252:1873-1880. 

Research has also been conducted on the isolation and purification of DNA polymerases from 
thermophiles, such as Thermus aquaticus. Chien, A., et al. J. Bacterid. (1976) 127:1550-1557, discloses the 
isolation and purification of a DNA polymerase with a temperature optimum of 80°C from T. aquaticus YT1 
strain. The Chien, et al, purification procedure involves a four-step process. These steps involve preparation 

35 of crude extract, DEAE-Sephadex chromatography, phosphocellulose chromatography, and chromatography 
on DNA cellulose. Kaledin, et al.. Biokhymiyay (1980) 45:644-651 also discloses the isolation and purification 
of a DNA polymerase from cells of T. aquaticus YT1 strain. The Kaledin, et al. purification procedure involves 
a six-step process. These steps involve isolation of crude extract, ammonium sulfate precipitation, DEAE-cel- 
lutose chromatography, fractionation on hydroxyapatite, fractionation on DEAE-cellulose, and chromatography 

40 on single-strand DNA-cetlulose. 

United States Patent No. 4,889.816 discloses a purified thermostable-DNA polymerase from T. aquaticus . 
Taq polymerase, having a molecular weight of about 86,000 to 90,000 daltons prepared by a process substan- 
tially identical to the process of Kaledin with the addition of the substitution of a phosphocellulose 
chromatography step in lieu of chromatography on single-strand DNA-cellulose. In addition, European Patent 

45 Application 025801 7 discloses Taq polymerase as the preferred enzyme for use in the PCR process discussed 
above. 

Research has indicated that while the Taq DNA polymerase has a 5'-3' polymerase-dependent exonuc- 
lease function, the Taq DNA polymerase does not possess a 3 r -5' proofreading exonuclease function. Lawyer, 
F.C., et al. J. Biol. Chem.. (1989) 264:11, p. 6427-6437. Bemad, A., et al. Cell (1989) 59:219. As a result, Taq 

so DNA polymerase is prone to base Incorporation errors, making Its use in certain applications undesirable. For 
example, attempting to done an amplified gene is problematic since any one copy of the gene may contain an 
error due to a random misincorporation event Depending on where in the replication cycle that error occurs 
(e.g., in an early replicati ncycl ),th entire DNA amplified could contain the errone usly incorporated base, 
thus, giving rise to a mutated gene product Furthermore, research has indicated that Taq DNA polymerase 

55 has a thermal stability of not more than several minutes at 1 00°C. 

Accordingly, there is a desire in the art to obtain and produce a purifi d, highly thermostable DNA polymer- 
ase with 3'-5' proofreading exonuclease activity, that may be used to improve the DNA polymerase processes 
described above. 
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SUMMARY OF THE INVENTION 

In accordanc with the present invention, there is provided a th rmostable enzyme obtainabl from T. 
litoraiis which catalyzes the polymerization of DNA. The therostable enzyme obtainable from T. litoraiis is a 

5 DNA polymerase which has an apparent molecular weight of about 90,000-95,000 daltons, a half-life of about 
60 minutes at 1 00°C in the absence of a stabflizer, and a half-life of about 95 minutes at 1 00° C in the presence 
of a stabilizer such as octoxynol (TRITON X-1 00) or bovine serum albumin. 

The DNA encoding the 90,000-95,000 daltons thermostable DNA polymerase obtainable from T. litoraiis 
has been isolated and provides another means to obtain the thermostable enzyme of the present invention. 

10 The T. litoraiis DNA polymerase possesses 3'-5' proofreading exonuclease activity. This is the first instance 
of an extreme thermophilic polymerase possessing this proofreading activity. As a result, T. litoraiis DNA 
polymerase has a much higher fidelity than a thermostable polymerase with no 3'-5' proofreading exonuclease 
function, such as Taq polymerase. In addition, the T. litoraiis DNA polymerase has a substantially greater ther- 
mal stability or half life at temperatures from 96°C to 100°C than the Taq polymerase. Finally, when used in 

15 DNA replication such as the above-described PCR reaction, the T. litoraiis DNA polymerase is superior to Taq 
polymerase at amplifying smaller amounts of target DNA in fewer cycle numbers. 

BRIEF DESCRIPTION OF DRAWINGS 

20 FIO. 1 A - is a photograph of the SDS-poIyacryiamide gel of example 1 . 

FIG. 1B - is a graph showing the polymerase activity and exonuclease activity of the proteins eluted from 
lane 2 of the gel in Fig. 1 A. 

FIG. 2 - is a restriction site map of the Xba fragment containing the gene encoding the T. litoraiis DNA 
Polymerase which is entirely contained within the BamHl fragment of bacteriophage NEB 619. 
25 FIG. 3 - Is a graph showing the half-life of the T. litoraiis DNA polymerase and the Taq DNA polymerase 
at 100*0. 

FIG. 4 - b a graph showing the response of T. litoraiis DNA polymerase and Wenow fragment to the pre- 
sence or absence of deoxynucleotides. 

FIG. 5 - Is a restriction site map showing the organization of the T. litoraiis DNA polymerase gene in native 
30 DNA (BamHl fragment of NEB 61 9) and in E. col[ NEB671 and NEB687. 

FIG. 6 - is a partial nucleotide sequence of the 1 4 kb BamHl restriction fragment of bacteriophage NEB61 9 
inclusive of the 1.3 kb, 1.6 kb and 1.9 kb Eco RI fragments and part of the Eco RI/BamHI fragment 

FIG. 7 - is a comparison of the amino acids in the DNA polymerase consensus homology region III with 
the amino acids of the T. litoraiis homology island III. 
35 FIG. 8 - are representations of the vectors 

FIG. 9 & pPR969 and pCAS4 and V174-1B1, 

FIG. 10 - respectively. 

FIG. 11 - is a graph ilustrating the T. litoraiis DNA polymerase variant constructed in Example VI lacks 
detectable 3'to 5' exonuclease activity. 
40 FIG. 12 - is a nucleotide sequence of the primers used in Example III. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The preferred thermostable enzyme herein is a DNA polymerase obtainable from T. litoraiis strain NS-C 
45 (DSM No. 5473). T. litoraiis was isolated from a submarine thermal vent near Naples, Italy in 1 985. This organ- 
ism, J- litoraiis. is an extremely thermophilic, sulfur metabolizing, archaebacteria, with a growth range between 
55°C and 98°C. Neuner, et al., Arch. Microbiol. (1990) 153:205-207. 

For recovering the native protein, T. litoraiis may be grown using any suitable technique, such as the tech- 
nique described by Belkin, et al., Arch. Microbiol. (1985) 142:181-186, the disclosure of which is incorporated 
50 by reference. 

After cell growth, one preferred method for isolation and purification of the enzyme is accomplished using 
the multi-step process as follows. 

First, the cells, Iffraz n, are thawed, suspended in a suitable buffer such as buffer A (1 0 mM KP04 buffer, 
pH 7.4; 1.0 mM EDTA, 1 .0 mM beta-mercaptoethanol), sonicated and certtrifuged. The supernatant Is th n pas- 
55 sed through a column which has a high affinity for proteins that bind to nucleic acids such as Affigel blu column 
(Biorad). The nucleic acids present in supernatant solution of T. litoraiis and many of the proteins pass through 
th column and are thereby removed by washing the column with several column volumes of low salt buffer at 
pH of about 7.0. After washing, the nzym Is eluted with a linear gradient such as 0.1 to 2.0 M NaCI buffer A. 
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The peak DNA polymerase activity is dialyzed and applied to phosphocellulose column. The column is washed 
and the enzyme activity eluted with a linear gradient such as 0.1 to 1.0 M NaCI in buffer A. The peak DNA 
polymeras activity is dialyzed and applied to a DNA cellulose column. The column is washed and DNA 
polymerase activity is eluted with a linear gradient of 0.1 to 1.0 M NaCI in buffer A. The fractions containing 

5 DNA polymerase activity are pooled, dialyzed against buffer A, and applied to a high performance liquid 
chromatography columm (HPLC) mono-Q column (anion exchanger). The enzyme is again eluted with a linear 
gradient such as 0.05 to 1.0 M Nad in a buffer A. The fractions having thermostable polymerase activity are 
pooled, diluted and applied to HPLC mono-S column (cation exchanger). The enzyme is again eluted with a 
linear gradient such as 0.05 to 1.0 M NaCI in buffer A. The enzyme is about 50% pure at this stage. The enzyme 

10 may further be purified by precipitation of a contaminating lower molecular weight protein by repeated dialysis 
against buffer A supplemented with 50 mM NaCI. 

The apparent molecular weight of the DNA polymerase obtainable from T. litoralis is between about 90,000 
to 95,000 daltons when compared with protein standards of known molecular weight, such as phosphoryiase 
B assigned a molecular weight of 97,400 daltons. It should be understood, however, that as a protein from an 

15 extreme thermophile, T. litoralis DNA polymerase may electrophorese at an aberrant relative molecular weight 
due to failure to completely denature or other Ins trinsic properties. The exact molecular weight of the thermost- 
able enzyme of the present invention may be determined from the coding sequence of the T. litoralis DNA 
polymerase gene. The molecular weight of the eluted product may be determined by any technique, for 
example, by SDS-polyacrylamide gel electrophoresis (SDS-PAGE) using protein molecular weight markers. 

20 Polymerase activity is preferably measured by the incorporation of radioactively labeled deoxynucleotldes 
into DNAse-treated, or activated, DNA; following subsequent separation of the unincorporated deoxynuc- 
leotides from the DNA substrate, polymerase activity is proportional to the amount of radioactivity in the acid- 
insoluble fraction comprising the DNA. Lehman, I.R., et al. f J. Biol. Chem. (1958) 233:163, the disclosure of 
which is incorporated herein by reference. 

25 The half-life of the DNA polymerase of the present invention at 1 00°C is about 60 minutes. The thermal 
stability or half-life of the DNA polymerase is determined by preincubating the enzyme at the temperature of 
interest in the presence of all assay components (buffer, MgCI 2 , deoxynucleotldes, and activated DNA) except 
the single radioactively-labeled deoxynucleotide. At predetermined time intervals, ranging from 4-1 80 minutes, 
small aliquots are removed, and assayed for polymerase activity using the method described above. 

30 The half-life at 100°C of the DNA polymerase can also be determined in the presence of stabilizers such 
as the nonionic detergent octoxynol, commonly known as TRITON X-100 (Rohm & Haas Co.). or the protein 
bovine serum albumin (BSA). The non-ionic detergents polyoxyethylated (20) sorbitan monolaurate (Tween 20, 
ICI Americas Inc.) and ethoxylated alkyi Phenol (nonyl) (ICONOL NP-40, BASF Wyandotte Corp.) can also be 
used. Stabilizers are used to prevent the small amount of enzyme added to the reaction mixture from adhering 

35 to the sides of the tube or from changing its structural conformation in some manner that decreases its enzyma- 
tic activity. The half-life at 100°C of the DNA polymerase obtainable from T. litoralis in the presence of the stabi- 
lizer TRITON X-100 or BSA Is about 95 minutes. 

The thermostable enzyme of this invention may also be produced by recombinant DNA techniques, as the 
gene encoding this enzyme has been cloned from T. litoralis genomic DNA. The complete coding sequence 

40 for the T. litoralis DNA polymerase can be derived from bacteriophage NEB 619 on an approximately 14 kb 
BamHI restriction fragment This phage was deposited with the American Type Culture Collection (ATCC) on 
April 24, 1990 and has Accession No. ATCC 40795. 

The production of a recombinant form of T. litoralis DNA polymerase generally Includes the following steps: 
DNA Is isolated which encodes the active form of the polymerase, either in its native form or as a fusion with 

45 other sequences which may or may not be cleaved away from the native form of the polymerase and which 
may or may not effect polymerase activity. Next, the gene is operably linked to appropriate control sequences 
for expression in either prokaryotic or eukaryotic host/vector systems. The vector preferably encodes all func- 
tions required for transformation and maintenance in a suitable host, and may encode selectable markers 
and/or control sequences for T. litoralis polymerase expression. Active recombinant thermostable polymerase 

so can be produced by transformed host cultures either continuously or after Induction of expression. Active ther- 
mostable polymerase can be recovered either from within host cells or from the culture media if the protein is 
secreted through the ceil membrane. 

While each of the above steps can be accomplished In a number of ways, it has be n found in accordance 
withth present invent! n that for cloning th DNA encoding T. litoralis DNA polymeras , expression of the 

55 polymerase from its own control sequences in E. col[ results in instability of th polymeras g ne, high fre- 
quency of mutation in the polymerase gene, slow cell growth, and som degree of cell mortality. 

While not wishing to b bound by theory, it is believed that this instability is due at least In part to the pre- 
sence of an intron that splits the T. litoralis DNA polymerase gene. Introns are stretches of intervening DNA 
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which separate coding regions of a gene (the protein coding regions are called exons). Intro ns can contain non- 
sense sequences or can code for proteins. In order to mak a functional protein, th intron must be spliced out 
of th pre-mRNA before translation of the mature mRNA into protein. Introns were originally identified in 
eukaryotes, but have been recently described in certain prokaryotes. See , Krainer and Maniatis (Transcription 

5 and Splicing (1988) B.D. Hames and D.M. Glover, eds. IRL Press, Oxford and Washington, D.C. pp. 131-206). 
When a gene with an intron is transcribed into mRNA the intron may self-splice out to form a mature mRNA or 
cellular factors may be required to remove the intron from the pre-mRNA. Id. Bacterial introns often require 
genus specific co-factors for splicing. For example, a Bacillus intron may not be spliced out in E. coli. Id. 
However, there is some evidence that suggests that the Intervening DNA sequence within the gene coding 

10 for the T. Iftoralis DNA polymerase is transcribed and translated, and that the peptide produced therefrom is 
spliced out at the protein level, not the mRNA level. Therefore, regardless of where the splicing event occurs, 
in accordance with the present invention, in order to express T. litoralis DNA polymerase in E. rott, it Is neces- 
sary to delete the T. litoralis DNA polymerase intervening sequence prior to expression of the polymerase in 
an E. coli system. Of course, the recombinant vector containing the T. litoralis DNA polymerase gene could be 

15 expressed in systems which possess the appropriate factors for splicing the intron, for example, a Thermocoo- 
cus system. It is also believed that the T. litoralis gene may be expressed in a mammalian expression system 
which has the appropriate factors to splice such an intron. 

It is also preferable that J. litoralis thermostable polymerase expression be tightly controlled in E. coli during 
cloning and expression. Vectors useful in practicing the present invention should provide varying degrees of 

20 controlled expression of T. litoralis polymerase by providing some or all of the following control features: (1) 
promoters or sites of initiation of transcription, either directly adjace nt to the start of the polymerase or as fusion 
proteins, (2) operators which could be used to turn gene expression on or off, (3) ribosome binding sites for 
improved translation, and (4) transcription or translation termination sites for improved stability. Appropriate 
vectors used In cloning and expression of T. litoralis polymerase include, for example, phage and plasmids. 

25 Example of phage include lambda gtll (Promega), lambda Dash (Stratagene) lambda Zapll (Stratagene). Exam- 
ples of plasmids include pBR322, pBluescript (Stratagene), pSP73 (Promega), pGW7 (ATCC No. 40166), 
pET3A (Rosenberg, etal., Gene, (1987) 56:126-135), and pET1 1C (Methods in Enzvmdoqy (1990) 185:60-89). 

Transformation and Infection 

90 

Standard protocols exist for transformation, phage infection and cell culture. Maniatis, et al., Molecular 
Cloning: A Laboratory Manual (1982). Of the numerous E. coli strains which can be used for plasmid transfor- 
mation, the preferred strains include JM101 (ATCC No. 33876), XL1 (Stratagene), and RRI (ATCC No. 31343), 
and BL21(DE3) ptvsS (Methods in Enzvmology (19901 supra) . E. coli strain XL1, ER1578 and ER1458 (Raleigh, 

35 et al., NA Research (1988) 16:1563-1575) are among the strains that can be used for lambda phage, and 
Y1089 can be used for lambda gtll lysogeny. When preparing transient lysogens in Y1089 (Arasu, et aU Ex- 
perimental Parasitology (1987) 64281-289), a culture is infected with lambda gtll recombinant phage either by 
a single large dose of phage or by co-culturing with a lytic host The infected Y1089 cells are preferably grown 
at 37°C In the presence of the inducer IPTG resulting in buildup of recombinant protein within the lysis-defective 

40 host/phage system. 

Construction of Genomic DNA Expression Library and Screening for Thermostable Polymerase 

The most common methods of screening for a gene of choice are (1) by hybridization to homologous genes 
45 from other organisms, (2) selection of activity by complementation of a host defect, (3) reactivity with specific 
antibodies, or (4) screening for enzyme activity. Antibody detection is preferred since it initially only requires 
expression of a portion of the enzyme, not the complete active enzyme. The instability of the T. IjtoraHs polymer- 
ase gene in E coli would have made success by other methods more difficult 

T. litoralis DNA can be used to construct genomic libraries as either random fragments or restriction enzyme 
5D fragments. The latter approach is preferred. Preferably, Eco Rl partlals are prepared from T. litoralis genomic 
DNA using standard DNA restriction techniques such as described in Maniatis, et af., Molecular Cloning: A 
Laboratory Manual (1982), the disclosure of which is incorporated herein by ref rence. Other restriction 
enzymes such as BamHI, Nrul and Xbal can also be used. 

Although methods are availabl to screen both plasmids and phage using antibodies (Young and Davis, 
65 PNAS. (1983) 80:1194-1198), In accordance with the present invention it has been found that phage systems 
tend to work better and are therefore preferred for th first libraries. Since ft is uncertain whether T. litoralis 
control regions function in E. coli, Phage vectors which supply all necessary expression control regions such 
as lambda gfl 1 and lambda Zap II, are preferred. By cloning T. litoralis DNA into the Eco Rl site of lambda 
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gt11, T. Iftoralis polymerase may be expressed either as a fusion protein with beta-galactosidase or from its 
own endogenous promoter. 

Once formed, the expression libraries are screened with mouse anti- T. Irtoralis DNA polymerase antiserum 
using standard antibody plaque hybridization procedures such as those described by Young and Davis, PNAS 
5 (1983), supra. 

The mouse anti-T. litoralis DNA polymerase antiserum used to screen the expression libraries can be prep- 
ared using standard techniques, such as the techniques described in Harlow and Cane, Antibodies: A Laborat- 
ory Manual (1988) CSH Press, the disclosure of which is incorporated herein by reference. Since most sera 
react with E. coli proteins, it is preferable that the T. litoralis polymerase antisera be preabsorbed by standard 
10 methods against E. coji proteins to reduce background reactivity when screening expression libraries. Phage 
reacting with anti-T. litoralis polymerase antiserum are picked and plaque purified. Young and Davis, PNAS 
(1983). supra. 

The T. litoralis DNA polymerase DNA, coding for part of the whole gene, can then be subdoned in, for 
example, pBR322 v pBluescript, M13 or pUC19. If desired, the DNA sequence can be determined by, for 
15 example, the Sanger dideoxy chain-terminating method (Sanger, F., Nickien, S. & Coulson, A.R. PNAS (1 977) 
74:5463-5467). 

Identification of DNA Encoding and Expression of the T. litoralis DNA Polymerase . 

20 Several methods exist for determining that the DNA sequence coding for the T. litoralis DNA polymerase 
has been obtained. These include, for example, comparing the amino-terminal sequence of the protein pro- 
duced by the recombinant DNA to the native protein, or determining whether the recombinant DNA produces 
a protein which binds antibody specific for native T. litoralis DNA polymerase. In addition, research by Wang, 
et al., FASEB Journal (1989) 3:20 suggests that certain regions of DNA polymerase sequences are highly con- 

25 served among many species. As a result by comparing the predicted amino acid sequence of the cloned gene 
with the amino acid sequence of known DNA polymerases, such as human DNA polymerase and E. coll phage 
T4 DNA polymerase, the identification of these islands of homology provides strong evidence that the recom- 
binant DNA indeed encodes a DNA polymerase. 

Once identified, the DNA sequence coding for the T. litoralis DNA polymerase, can be cloned into an 

30 appropriate expression vector such as a plasmid derived from E. coli, for example, pET3A, pBluescript or 
pUC19, the plasmids derived from the Bacillus subtilis such as pUB110, pTP5 and pC194 t piasmfds derived 
from yeast such as pSH19 and pSH15, bacteriophage such as lambda phage, bacteria such as Agrobacterium 
tumefaciens. animal viruses such as retroviruses and insect viruses such as Baculovirus. 

As noted above, in accordance with the present Invention, it has been found that DNA coding for T. litoralis 

35 DNA polymerase contains an 1 614 bp intron or intervening sequence, spanning from nucleotides 1 776 to 3389 
in Figure No. 6. Therefore, prior to overexpression in host ceils such as E. roK, it is preferable to delete the 
DNA sequence coding for the intron. There are a number of approaches known in the art which can be used 
to delete DNA sequences and therefore splice out an intron in -vitro . One method involves identifying unique 
restriction enzyme sites in the coding region which are near the splice junction or area to be deleted. A duplex 

40 oligomer is synthesized to bridge the gap between the 2 restriction fragments. A 3-part ligation consisting of 
the amino end restriction fragment, the bridging oligo and the carboxy end restriction fragment yields an intact 
gene with the intron deleted. 

Another method is a modification of the above-described method. The majority of the intron Is deleted by 
cutting with restriction enzymes with unique site within the intron, but close to the coding sequence border. The 

45 linear plasmid containing a deletion of the majority of the Intron is ligated together. Single strand phage are 
generated from the pBluescript vector recombinant by superinfection with the f1 helper phage IR1. A single 
strand oligomer is synthesized with the desired final sequence and Is annealed to the partially deleted intron 
phage DNA. The remainder of the intron is thus looped out By producing the original phage in E. opji strain 
CJ236 the Kunkel method of mutagenesis (Methods in Enzvmoloqy 154:367 (1987)) can be used to select for 

so the foil deleted intron contructs. 

Yetanother method which can be used to delete the intron uses DNA amplification. See, for example, Mani- 
atis, et al., Molecular Cloning: A Laboratory Manual. (1989) Vol. 2, 2nd edition, the disclosure of which is herein 
incorporated by reference. Briefly, primers are generated to amplify and subsequently join th amino and car- 
boxyl halves of the gene. 

55 When an Intron is deleted in -vltro. using the methods discussed above, the native splice junction may be 
unknon. Accordingly, one skilled in the art would predict that several posslbl artificial splice Junctions xist 
that would result in the production of an active enzyme. 

Once the intron is deleted, overexpression of the T. litoralis DNA polymeras canb achieved, forexample. 
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by separating the T. litoralis DNA polymerase gene from its endogenous control elements and then operably 
linking the polymerase gen to a v jy tightly controlled promoter such as a T7 expression vector. See , Rosen- 
berg, et al., Gene (1987) 56:125-135, which Is hereby Incorporated by reference. Insertion of the strong pro- 
moter may be accomplished by identifying convenient restriction targets near both ends of the T. litoralis DNA 
5 polymerase gene and compatible restriction targets on the vector near the promoter, or generating restriction 
targets using site directed mutagenesis (Kunkel (1 984), supra) , and transferring the T. litoralis DNA polymerase 
gene into the vector in such an orientation as to be under transcriptional and translational control of the strong 
promoter. 

T. litoralis DNA polymerase may also be overexpressed by utilizing a strong ribosome binding site placed 
10 upstream of the T. litoralis DNA polymerase gene to increase expression of the gene. See, Shine and Dalgamo, 
Proc. Nati. Acad. Sci. USA (1974) 71:1342-1346, which is hereby Incorporated by reference. 

The recombinant vector is introduced into the appropriate host using standard techniques for transfor- 
mation and phage infection. For example, the calcium chloride method, as described by Cohen, S.N.. PNAS 
(1972) 69:2110 is used for E. coji, the disclosure of which is incorporated by reference. The transformation of 
15 BacHIus is carried out according to the method of Chang, S. ( et al., Molecular and General Genetics (1979) 
1 68:1 1 1 , the disclosure of which is incorporated by reference. Transformation of yeast is carried out according 
to the method of Parent, et ah, Yeast (1985) 1:83-138, the disclosure of which is incorporated by reference. 
Certain plant cells can be transformed with Agrobacterium tumefaciens. according to the method described by 
Shaw, OH., et al. f Gene (1983) 23:315, the disclosure of which is incorporated by reference. Transformation 
20 of animal cells is carried out according to, for example, the method described in Virology (1973) 52:456, the 
disclosure of which is incorporated by reference. Transformation of insect cells with Baculovirus is carried out 
according to, for example, the method described in Bio technology (1 988) 6:47, the disclosure of which is incor- 
porated herein by reference. 

The transformants are cultivated, depending on the host cell used, using standard techniques appropriate 
25 to such cells. For example, for cultivating E. cpji, ceils are grown In LB media (Maniatis, supra) at 30°C to 42°C 
to mid log or stationary phase. 

The T. litoralis DNA polymerase can be isolated and purified from a culture of transformed host cells, for 
example, by either extraction from cultured cells or the culture solution. 

When the T. litoralis DNA polymerase Is to be extracted from a cultured cell, the cells are collected after 
30 cultivation by methods known in the art, for example, centrifugation. Then, the collected cells are suspended 
in an appropriate buffer solution and disrupted by ultrasonic treatment, lysozyme and/or freeze-thavwng. A crude 
extract containing the T. litoralis DNA polymerase is obtained by centrifugation and/or filtration. 

When the T. litoralis DNA polymerase is secreted into the culture solution, Le., alone or as a fusion protein 
with a secreted protein such as maltose binding protein, the supernatant is separated from the cells by methods 
35 known in the art 

The separation and purification of the T. litoralis DNA polymerase contained in the culture supernatant or 
the cell extract can be performed by the method described above, or by appropriate combinations of known 
separating and purtying methods. These methods include, for example, methods utilizing solubility such as 
salt precipitation and solvent precipitation, methods utilizing the difference in molecular weight such as dialysis, 
40 uitra-ffflration, gel-fitration, and SDS-pdyacrylamide gel electrophoresis, methods utilizing a difference in elec- 
tric charge such as ion-exchange column chromatography, methods utilizing specific affinity such as affinity 
chromatography, methods utilizing a difference in hydrophobicity such as reverse-phase high performance 
liquid chromatography and methods utilizing a difference in isoelectric point such as isoelectric focusing 
electrophoresis. 

45 One preferred method for isolating and purification of the recombinant enzyme is accomplished using the 
multi-stage process as follows. 

First, the cells, rf frozen are thawed, suspended in a suitable buffer such as Buffer A (100 mM Nad, 25 
mM Tris pH 7.5, 0.1 mM EDTA, 10% glycerol, 0.05% Triton X-100), lysed and centrffuged. The clarified crude 
extract is then heated to 75°C for approximately 30 minutes. The denatured proteins are removed by centrifu- 

60 gaoon. The supernatant is then passed through a column that has high affinity for proteins that bind to nucleic 
acids such as Affigei Blue column (Biorad). Tbe nucleic acids present in the supernatant solution and many of 
proteins pass through the column and are thereby removed by washing the column with several column 
volumes wfth low-salt buffer at pH of about 7.0. After washing, the enzyme is eluted with a linear gradient such 
as 0.1 M to 1.5 M NaCI Buffer A. The active fractions are pooled, dialyzed and applied to a phosphocellulose 

u column. The column is washed and DNA polymerase activity eluted with a linear gradient of 0.1 to 1 .0 M NaCI 
in Buffer B (100 M NaCI, 15 mM KPO* 0.1 mM EDTA, 10% glycerol, 0.05% Triton X-100, pH 6.8). The fractions 
are collected and BSA is added to each fraction. The fractions with DNA poiyermerase activity are pooled. The 
I- iterate DNA polymerase obtain d may be further purified using the standard product purification techniques 
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discussed above. 

Stabilization and Use of the T. litoralis DNA Polymerase . 

5 For long-term storage, the thermostable enzyme of the present invention is stored in the following buffer 
0.05 M Nad, 0.01 M KP0 4 (pH 7.4), 0.1 mM EDTA and 50% glycerol at -20°C. 

The T. litoralis DNA polymerase of the present invention may be used for any purpose in which such an 
enzyme is necessary or desirable. For example, In recombinant DNA technology Including, second-strand 
cDNA synthesis in cDNA cloning, and DNA sequencing. See Mantatis, et a)., supra. 

10 The T. litoralis DNA polymerase of the present invention may be modified chemically or genetically to inac- 
tivate the 3'-5' exonudease function and used for any purpose in which such a modified enzyme Is desirable, 
e.g., DNA sequencing. 

For example, genetically modified T. litoralis DNA polymerase may be isolated by randomly mutagenizing 
the T. litoralis DNA polymerase gene and then screening for those mutants that have lost exonudease activity, 
15 without loss of polymerase activity. Alternatively, genetically modified T. litoralis DNA polymerase is preferably 
isolated using the site-directed mutagenesis technique described in Kunkel, T.A., PNAS (1085) 82:488-492, 
the disclosure of which is herein incorporated by reference. 

In addition, the T. litoralis DNA polymerase of the present invention may also be used to amplify DNA, e.g., 
by the procedure disclosed in U.S. Patent Nos. 4,683,195, 4,683,202 and 4,800,159. 
20 The following examples are given to illustrate embodiments of the present invention as it is presently pre- 
ferred to practice. It wDl be understood that the examples are illustrative, and that the invention is not to be 
considered as restricted except as indicated in the appended claims. 

EXAMPLE I 

25 

PURIFICATION OF A THERMOSTABLE DNA POLYMERASE FROM THERMQCOCCUS UTORAUS 

Thermococcus litoralis strain NS-C (DSM No. 5473) was grown in the media described by Belkin, et al. 
supra, containing 10 g/i of elemental sulfur in a 100 liter fermentor at its maximal sustainable temperature of 

30 approximately 80°C for two days. The cells were cooled to room temperature, separated from unused sulfur 
by decanting and collected by centrifugation and stored at -70°C. The yield of cells was 0.8 g per liter. 

183 g of cells obtained as described above, were suspended in 550 ml of buffer A (10 mM KP0 4 buffer, 
pH 7.4; 1.0 mM EDTA, 1.0 mM beta-mercaptoethanol) containing 0.1 M NaCI and sonicated for 5 minutes at 
4°C. The lysate was centrifuged at 1 5,000 g for 30 minutes at 4°C. The supernatant solution was passed through 

35 a 470 ml Affigel blue column (Biorad). The column was then washed with 1000 ml of buffer A containing 0.1 M 
NaCI. The column was eluted with a 2000 ml linear gradient from 0.1 to 2.0 M NaCI in buffer A. The DNA 
polymerase eluted as a single peak at approximately 1.3 M NaCI and represented 80% of the activity applied. 
The peak activity of DNA polymerase (435 ml) was dialyzed against 4 liters of buffer A, and then applied to 80 
ml Phosphoceliulose column, equilibrated with buffer A containing 0.1 M NaCI. The column was washed with 

40 160 ml of buffer A containing 0.1 M NaCI, and the enzyme activity was eluted with 1000 ml linear gradient of 
0.1 to 1.0 M NaCI in buffer A. The activity eluted as a single peak at 0.6 M NaCI and represented 74% of the 
activity applied. The pooled activity (150 ml) was dialyzed against 900 ml of buffer A and applied to a 42 ml 
DNA-cellulose column. The column was washed with 84 ml of buffer A containing 0.1 M NaCI, and the enzyme 
activity eluted with a linear gradient of buffer A from 0.1 to 1 .0 M NaCI. The DNA polymerase activity eluted as 

45 a single peak at 0.3 M NaCI, and represented 80% of the activity applied. The activity was pooled (93 ml). The 
pooled fractions were dialyzed against 2 liters of buffer A containing 0.05 M NaCI and then applied to a 1.0 ml 
HPLC mono-Q column (Pharmacia). The DNA polymerase activity was eluted with a 100 ml linear gradient of 
0.05 M to 1.0 M NaCI in buffer A. The DNA polymerase activity eluted as a single peak at 0.1 M NaCI and rep- 
resented 1 6% of the activity applied. The pooled fractions (3.0 ml) were diluted to 6 ml with buffer A and applied 

60 to an 1 .0 ml HPLC mono-S column (Pharmacia) and eluted with a 100 ml linear gradient In buffer A from 0.05 
to 1.0 M Nad. The activity eluted as a single peak at 0.19 M NaCI and represented 75% of the activity applied. 

By SDS-polyacrylamide gel electrophoresis (SDS-PAGE) and subsequent staining of the proteins using a 
colloidal stain (ISSProblu ) more sensitive than CoomassieBiu (Neuhoff. et al.. Electrophoresis (1988) 9:255- 
262), it was determined that th DNA polymerase preparation was approximately 50% pure: two major bands 

55 were present, on at 90,000 to 95,000 daltons and a doublet at 18,000 daltons. Figure No. 1 A. A very minor 
band was evident at approximately 80,000 to 85,000 daltons. At this level of purification the polymerase had 
a specific activity of between 30,000 and 50,000 units of polymerase activity per mg of polymerase protein. On 
a s parate SDS-polyacryiamide gel verification of the identity of th stained band at 90,000 to 95,000 daltons 
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was obtain d by cutting the gel lane containing the purified T. litoralis polymerase into 18 slices. Embedded 
proteins were eluted from the gel by crushing the gel slices in a buffer containing 0,1% SDS and 100 ug/ml 
BSA. The eluted proteins were denatured by exposure to guanidin HCI , then renatured via dilution of the 
denaturant as described by Hagerand Burgess Analytical Biochemistry (1980) 109:78-88. Polymerase activity 

5 as measured by Incorporation of radioactivity labeled ^P-dCTP into acid-insoluble DNA (as previously des- 
cribed) and assayed for exo nuclease activity (as measured by the release of 3 H-labeOed DNA to an acid soluble 
form as described In Example V). As shown in Figure No. 1B, only the 90,000 to 95,000 daltons band alone 
showed either significant polymerase activity or exonuclease activity. 

The DNA polymerase preparation was dialyzed against buffer A containing 0.05 M NaCi. As was deter- 

10 mined by SDS-PAGE, much of the 1 8,000 dalton protein precipitated out of the solution. The yield of T, litoralis 
DNA polymerase was determined to be 0.5 mg by quantitative protein analysis, and this represented 6.5% of 
the total activity present In the starting crude extract 

Purified X- litoralis Polymerase was electrophoresed and stained with either Coomassie Blue or the colloidal 
stain (ISS Problue) previously described to detect protein. One deeply staining protein band was seen at about 

15 90,000 to 95,000 daltons; this molecular weight determination was obtained by comparison on the same gel 
to the migration of the following marker proteins (Bethesda Research Laboratories): myosin, 200,000 daltons; 
phosphorylase B f 97,400 daltons; BSA, 68,000 daltons; ovalbumin, 43,000 daltons, carbonic anhydrase 29,000 
daltons; Wactogiobulin, 18,400 daltons; lysoyzme 14,300 daltons. 

20 EXAMPLE II 

CLONING OF T. LITORALIS DNA POLYMERASE GENE 

A PRODUCTION OF MOUSE ANT1-T. LITORALIS DNA POLYMERASE ANTISERUM 

25 

Immunization of Mice 

A 3 ml solution containing 0.4 mg of polymerase protein (obtained by the method of Example I) was con- 
centrated at 4°C to approximately 0.3 ml and used to inoculate two mice. The purified J. litoralis polymerase 

30 preparation consisted of four bands of approximately 85-95, 75-85, and a doublet of 1 0-25 kDal on Coomassie 
blue stained SDS-PAGE gels. As shown in Example 1 , the T. litoralis polymerase Is approximately 90-95 kDal. 
Both T. litoralis polymerase antisera recognize all four proteins present in the immunogen. 

The immunization schedule was as follows: mouse one was immunized intraperitioneally (IP) with 20 \ig 
°f I- litoralis polymerase, prepared as above, in Freunds' complete adjuvant (FCA). Seven days later, both mice 

35 were immunized IP with 50 ug T. litoralis polymerase in FCA. Twenty-seven days later both mice were 
Immunized IP with 30 jig T. litoralis polymerase for mouse one and 50 ug T. litoralis polymerase for mouse two 
in Freunds* incomplete adjuvant Mouse one was bled two weeks later and mouse two was bled 20 days later. 
Sera was prepared from blood by standard methods (Harlow and Lane, Antibodies: A Laboratory Manual. 
1988). 

40 Anti-T. litoralis Polymerase antisera was diluted in TBSTT (20 mM Tris pH7.5, 150mMNaCl,0.2%Tween 
20, and 005% Triton-X 100) containing 1% BSA, 0.1% NaAzide, 0,1% PMSF. 

Preabsorption of Anti-T. litoralis Polymerase Antiserum Against E coll fysates 

45 Since most sera react with E. rati Proteins, T. litoralis polymerase antisera were preabsorbed, using the 
foBowIng method, against E. coji proteins to reduce background reactivity when screening libraries or recom- 
binant antigens. E. coli cell paste was thawed and lysed by sonication and soluble protein was bound to Affigel 
10 (Biorad) as described by the manufacturer. 4 ml of E. coli resin were washed two times in TBS (TBSTT with- 
out detergents). 0.35 ml of sera was diluted approximately 1 to 5 En TBSTT, 1% BSA, 0.1% NaAzide and mixed 

so wfth resin overnight at 4°C. The resin was pelleted by centrifugatfon and washed. The recovered preabsorbed 
sera was at a 1 to 17 diution and was stored frozen at -20°C until use. 

For screening, preabsorbed sera was diluted as above to a final concentration of 1 :200. 

B. IDENTIFICATION OF A PROBE FOR THET. litoralis POLYMERASE GENE 

Construction of a lambda gtll Expression Library 

A probe for the T. litoralis polymerase gene was obtained following immunological screening of a lambda 
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gtll expression library. 

T. litoralls DIMA was partially digested as follows: four pg of T. Iltoralis DNA was digested at 37°C with five 
units of Eco Rl in a 40 uJ reaction using Eco Rl buffer (Eco Rl buffer = 50 mM NaCI, 100 mM Tris pH 7.5, 20 
mM MgCI* 10 mM BME). Three uJ of 100 mM EDTA was added to 15 uJ samples at 30, 45 and 60 minutes. 2 

5 ug of T. litoralls DNA was digested for 90 minutes at 37°C with 20 units of Eco Rl in 20 uJ reaction using Eco 
Rl buffer and the reaction was stopped by adding 2 uJ of 1 00 mM EDTA. 0.2 ug of each digest was electrophor- 
esed on an agarose gel to monitor the extent of digestion. Approximately 3 ug of T. litoralis DNA Eco Rl partials 
(14 ui from the 60-mfnute digest and 19 uJ from the 90-minute digest) were pooled to form the "Eco Rl pool" 
and heated at 65°C for 1 5 minutes. 

10 0.5 uJ of the Eco Rl pool were I igated to 0.28 ug of Eco Rl cut, bacterial alkaline phosphatase treated lambda 
gtll DNA in a five ui reaction using standard ligation buffer (ligation buffer = 66 mM Tris pH 7.5, 1 mM ATP, 1 
mM spermidine, 10 mM MgCI2, 15 mM DTT, and 2 mg/ml gelatin) and 0.5 ul T4 DNA ligase (New England 
Biolabs No. 202). The ligation was performed at 16°C overnight 4 ul of this ligation reaction were packaged 
using Gigapack Gold (Stratagene) according to the manufacturers instructions. After incubation at room tem- 

15 perature for two hours, the packaged phage were diluted in 500 ul of SM (SM = 100 mM NaCI, 8 mM MgSO* 
50 mM Tris pH 7.5, 0.01 % gelatin) plus three drops chloroform. The packaged Eco Rl library was called sample 
V6-1 and consisted of 1.1 x 10 s individual phage. E. col[ strain ER1578 was used for phage infection. 

Immunological Screening of Lambda gtll Expression Library 

20 

The initial phage library was screened (Young, R.A. and R.W. Davis Science. (1983) 222:778-782) with a 
1 :200 dilution of th e antiserum produced above. 36 phage (V1 0-22 through V1 0-55) which reacted with the anti- 
T. litoralis DNA polymerase antiserum were picked and 16 phage were plaque purified. 

The 16 antibody positive phage were used to lysogenize E. cdi K-12 strain Y1089. Lysogens were 
25 screened for thermostable DNA polymerase activity, no activity was detected. 

Western blots (Towbin, et al., PNAS. (1979) 76:435(W354) from these 16 lysates were probed with anti-T. 
litoralis Polymerase antiserum. All proteins from these lysates which reacted with T. litoralis polymerase anti- 
serum were smaller than T. litoralis polymerase, and were also smaller than beta-galactosidase, indicating that 
none were fusion proteins with beta-galactosidase. 
30 Eight of the 16 antibody positive phage were used to affinity purify epitope-specific antibodies from total 
antiserum (Beail and Mitchell, J. Immunological Methods. (1986) 86217-223). 

The eight affinity purified sera were used to probe Western blots of both purified J. litoralls polymerase 
and T. litoralis crude lysates. Antibody purified from NEB 618 plaques specifically reacted with T. litoralis 
polymerase in purified and T. litoralis crude lysates. This was strong evidence that phage NEB 618 encodes 
35 approximately 38 kDal of the amino terminus of the T. litoralis polymerase. Bacteriophage NEB61 8 and depo- 
sited under ATCC No. 40794 on 24th April 1990. 

Characterization of Phage NEB 618 and Subdoning of Eco Rl Inserts 

40 Western blot analysis indicated that phage NEB 618 synthesized several peptides ranging In size from 
approximately 1 S40 kDal which bound T. litoralls polymerase antisera. DNA from phage NEB 61 8 was purified 
from liquid culture by standard procedures (Maniatis, et al., supra .) Digestion of NEB 61 8 DNA with Eco Rl yiel- 
ded fragments of 1 .3 and 1 .7 kb. An Eco Rl digest of NEB 618 DNA was ligated to Eco Rl cut pBluescript DNA. 
20 ug of pBluescriptSK* were digested with 40 units of Eco Rl in 40 ul Eco Rl buffer at 37°C for three hours, 
45 followed by 65° for 15 minutes. 10 ug of NEB 618 DNA were digested with 40 units of Eco Rl in 40 uJ Eco Rl 
buffer at 37°C for 75 minutes, followed by 65°C for 1 5 minutes. 1 .75 ug of Eco Rl cut NEB 61 8 DNA were ligated 
to 20 ng Eco Rl cut pBluescriptSK* with one uJ T4 DNA ligase (New England Biolabs No. 202) In 10 uJ ligation 
buffer. The ligation was performed overnightat 1 6°C. JM101 CaCI competent cells (Maniatis, et al., supra) were 
transformed with 5 pi of the ligation mixture. Of 24 recombinants examined, all but one contained the 1.7 kb 
so fragment; clone V27-5.4 contained the 1.3 kb T. litoralls DNA fragment 

Antibodies from T. litoralis polymerase mouse antisera were affinity purified, as described above, on lysates 
from V27-5.4 (encoding the 1.3 kb Eco Rl fragment) and V27-5.7 (encoding the 1.7 kb Eco Rl fragment in 
pBluescript) and reacted with Western blot strips containing either purifi d or crude T. litoralls polymerase. Anti- 
bodies selected on lysates of V27-5.4 reacted with T. litoralis polymerase In both crude and purified pr pa- 
ss rations. In addition, th first three amino acids from the N-terminal protein sequence of native T. litoralis 
polymerase (methionine-isol ucine-leucine) are the same as In the predicted p n reading frame (ORF) in the 
V27-5.4 clone. 

From thes results it was concluded that V27-5.4 encoded th amin terminal of T. litoralis polymerase. 
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The 13 kb Eco Rl fragment of V27-5.4 comprises nucleotides 1 to 1274 of Figure No. 6. The insert DNA 
was larg enough to noode the biggest peptides synthesized by this clone, but not the entire T. litoralis 
polymerase. 

5 C. CONSTRUCTION AND SCREENING OF T. Itoraits SECONDARY LIBRARIES 

Antibody screening discussed above, had Identified the DNA fragment coding the amino terminal half of 
the T. litoralis polymerase. In order to find a fragment large enough to codeforthe entire gene, restriction digests 
of T. litoralis DNA were probed with the amino terminal half of the polymerase gene contained in clone V27-5.4. 

10 Restriction digests were performed In separate tubes using a master mix which contained 1.2 \ig of T. litoralis 
DNA In 39 ul of restriction enzyme buffer (REB, restriction enzyme buffer = 50 mM NaCI, 10 mM Tris pH 7.5, 
20 mM MgCI2, 10 mM BME), to which 1.5-200 U of enzyme were added as followed: 1.5 U Avrll, 9 U Eael, 10 
U Nhel, 20 U Notl, 9 U Spel, 20 U Xhol, 30 U Xbal, 20 U Sad, 10 U BamHI, 20 U Clal, 20 U Hindlll, 20 U Pstl, 
12 U Nael, 10 U Seal, 12 U Xmnl, 20 U EcoRV, 20 U Sal, 20 U Eco Rl, 200 U Eagl, 20 U Dral, 5 U Hapl, 8 U 

15 Nail, 4 U SnaBI, 8 U Stul, 10 U Bell, 8 U Bglll, 10 U Rsal, 10 U Haelll, 8 U AM, 4 U Hindi, 10 U Pvull, 6 U 
Sspl. One uJ 10 mg/ml BSA was added to the Hindi digest Ball digest was prepared as above except there 
was 0 mM NaCI In the buffer. All digests were overnight at 37°C except Bdl which was incubated at 50°C. Dig- 
ests were electrophoresed on agarose gels and transferred to NC (Southern. J. Mol. Bid. (1975) 98:503-517). 
The faters were probed with radiolabeled V27-5.4 DNA and hybridization was detected by autoradiography. In 

20 most digests, V27-5.4 DNA hybridized to fragments greater than 20 kb, except BamHI (approximately 14 kb), 
Eco Rl (1.3 kb), Hindlll (approximately 2.4, 5A kb), Xbal (approximately 8 kb), Clal {approximately 4.4, 5.5 kb), 
Ball (approximately 8.5 kb), Hindi (approximately 2.1 , approximately 2.4 kb), Nrul (approximately 5.5 kb), Bglll 
(approximately 2.9 kb), Haelll (approximately 1 .3, approximately 1 .4 kb) and Rsal which gave numerous small 
bands. 

25 Digests yielding single fragments large enough to encode the entire polymerase gene, estimated to be 2.4-3 
kb, based on the size of the native protein, were BamHI, Xbal, and Nrul. 

BamHI Library. 

30 A BamHI genomic library was constructed using lambda Dashll. Lambda Dashll is a BamHI substitution 
vector that can be used to done 10-20 kb BamHI DNA fragments. 25-75 nanograms of T. litoralis genomic DNA 
digested with BamHI, as described above, was ligated to 0.5 ug BamHI digested, calf intestine phosphatase 
treated lambda Dashll DNA in five pj of standard ligation buffer including 0.5 uJ T4 DNA ligase (New England 
Btdabs No. 202). Three uJ of the ligation reaction was packaged (Gigapack Plus, Stratagene) as described 

35 above. Plaque lifts of 8,000 plaques from the lambda Dashll library were probed with labeled gd purified 1 .3 
kb Eco Rl fragment from done V27-5.4 (Maniatis, et al., supra) . 2.5% of the phage hybridized to the 1.3 kb Eco 
R2 DNA fragment, two of which were plaque purified (dones lambda NEB 619 and lambda V56-9). Both phage 
contained a 12-15 kb BamHI fragment which hybridized to the 1.3 kb Eco Rl fragment and contained the 
approximately 8 kb Xbal and approximately 5.5 kb Nrul fragments. The BamHI insert was subdoned into 

40 pBR322. Colonies containing this fragment grew very poorly and, based on the polymerase assay described 
above, failed to produce detectable levels of thermostable DNA pdymerase. 

Xbal Library. 

45 J* Ktoralis DNA digested with Xbal was doned into the Xbal site of p(JC19. Colony lifts were probed with 
radidabded V27-5.4 DNA. No positive dones were detected. 

The Xbal fragment from the BamHI insert in lambda NEB 619 (BamHI library above) was subdoned into 
the Xbal site of pUC1 9. Approximately 0.3 ug of NEB 61 9 DNA digested with BamHI was ligated to 0. 1 ug pUC1 9 
DNA digested with BamHI using two uJ T4 DNA ligase (New England Biolabs No. 202) in 20 ui of standard iiga- 

so tion buffer. The ligation was incubated overnight at 16°C. CaCI competent JM101 and XL-1 cdls were trans- 
formed with five ul of ligation mix and incubated overnight at 37°C (Maniatis, et al., supra) . Cdony lifts were 
probed with radidabded purified 1.3 kb Eco Rl fragment from V27-5.4 DNA. No positives were detected. Com- 
petent RRI cdls were transformed with 10 ul of ligation mix and incubated overnight at 30°C. MIcro-cdonies 
were picked and mlni-plasmid preparations (boiling method, Maniatis, t al. f supra) analyzed. Most of these 

55 dones contained the approximatdy 8 kb Xbal fragment The rational for this latter experiment was that since 
the BamHI clones grew poorly, there would be an increased chance of Isdating a plasmid containing th T. 
litoralis pdymerase gene from an Xbal colony that also grew slowly. Also, lower temperature of incubation 
results in less copies of pUC19 plasmids per cell. These results provided evidence that the T. litoralis pdymer- 
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ase gene was toxic to E. c II. Using the polymerase activity assay described above, no thermostable polymer- 
ase activity was detected in these clones. Restricti n analysis indicated that th Xbal cl nes should contain 
the entire polym ras gen . See Figure No. 2. 

5 Nrul Libraries 

Approximately 0.3 ng of NEB 619 DNA (BamHI library above) cut with Nrul was ligated to 0.1 ng of pUC1 9 
DNA cut with Hindi exactly as described for the Xbal library. Again, no positives were found, by hybridization 
when cells were incubated at 37°C, but when transfbrmants were incubated at 30°C, many micro-colonies were 

10 observed. The majority of these micro-colonies contained the approximately 5.5 kb Nrul insert Using the 
polymerase activity assay described above, no thermostable polymerase activity was detected in these col- 
onies. Analysis of these colonies determined that when the direction of T. litoralis polymerase transcription was 
thesameasIacZ in pUC19, the colonies failed to grow at 37°C and were extremely unstable. However, colonies 
in which the direction of T. litoralis polymerase transcription was opposite of lacZ in pUC19, such as in clone 

is Nru21, were more stable. This indicated that transcription of T. litoralis polymerase Is detrimental to E. coll, 
and may explain why it was so difficult to clone the entire gene. Restriction mapping analysis indicated that the 
Nrul clones should contain the entire polymerase gene. See Figure No. 2. 

Conclusions Concerning Direct Cloning of the Polymerase 

20 

The T. litoralis is approximately 90-95 kDal which would require approximately 2.4-3.0 kb DNA to encode 
the entire gene. Restriction mapping analysis of the 1.3 kb Eco RI fragment, coding for the amino-terminus of 
the T. litoralis polymerase gene, found within the BamHI, Xbal and Nrul clones, discussed above, indicates 
that all three clones contain the entire polymerase gene. All of these larger clones were unstable in E. coil. 
25 Therefore, alternate methods, as discussed below, for cloning the polymerase were tested. 

D. CLONING THE SECOND HALF OF T. litoralis POLYMERASE GENE 

It is believed that when the entire T. litoralis polymerase gene was cloned in E. coll while under its endogen- 
30 ous control, mutations in the gene arose. To prevent selection of inactive mutants, the polymerase gene was 
cloned from the T. litoralis genome in 2 or more pieces which should each separably be inactive and therefore 
not selected against Restriction mapping of the T. litoralis genome was used to determine which restriction 
enzymes would produce fragments that would be appropriate for cloning the second half of the T. litoralis 
polymerase gene. Although the above data indicates that expression of T. litoralis polymerase was toxic for E. 
35 coll. it was also possible that DNA sequences themselves, in or outside of the coding region, were toxic. There- 
fore, the minimum sized fragment which could encode the entire gene was determined to be the best choice. 
Restriction analysis indicated that there was an approximately 1.6 kb Eco RI fragment adjacent to the 3' end 
of the amino terminal 1.3 kb Eco RI fragment (see Figure No. 2) which could possibly complete the polymerase 
gene. 

40 

Hybridization probe for the second half of the TJitoralis DNA polymerase gene 

Since none of the previous clones expressed thermostable polymerase activity, it was possible that they 
had accumulated mutations In the coding sequence and would therefore not be suitable sources of the second 

45 half of the gene. Hybridization probes were therefore required in order to clone the downstream fragments from 
the genome. The approximately 3.2 kb Ndel/Clal fragment from clone Nru21 (the Nru21 clone contains an 
approximately 5.5 kb Insert, beginning approximately 300 bp upstream from the start of the polymerase gene) 
was subcioned into pSP73 (Promega) creating done Ndl. CaCl competent RRi cells were transformed, as 
above, with the ligation mixture. Mini-piasmid preps of transfbrmants were analyzed by digestion with Ndel and 

so CJal and clone NOl containing the T. litoralis 3.2 kb Ndel/Clal fragment was identified. This clone was stable 
in E. oo}i. The pNC1 1 insert was sequenced (Sanger, et ah, PNAS. (1 977) 74:5463-5467). The Clal end was 
identical to the V27-5.4 sequence (1.3 kb Eco RI fragment coding for the amino-terminus of the T. litoralis 
polymerase). The 1.3 kb Eco RJ junction and beyond was sequenced using primers derived from the 1.3 kb 
Eco RI fragment sequenc . The Ndel end was sequenced from primers within the vector. 

55 

Screening of Eco RI Genomic Libraries 

1 0 ng of NC1 1 were digested with 30 U of Eco RI in 1 00 nJ of Eco RI buffer at 37°C for two hours. The 
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approximately 1.6 kb Eco Rl fragment was purified on DE-81 paper (Whatman) after electrophoresis. The 
approximately 1 .6 kb Eco Rl fragment was radiolabeled and used to probe the original Eco R] lambda gtil library. 
Infection and plaqu lifts were performed as above. Three positives were identified and plaque purified. All con- 
tain the approximately 1.6 kb Eco Rl fragment, but some also contain other inserts. 

5 An Eco Rl library was also constructed in lambda Zapll. 2 ug of T. litoralis DNA were digested with 20 U 
Eco Rl for five hours at 37°C in 20 nl Eco Rl buffer and then heat treated at 65°C for 1 5 minutes. Approximately 
15 nanograms of T. litoralis DNA/Eco Rl was ligated to 0.5 jig of Eco Rl cut, phosphatased lambda Zapll DNA 
(Stratagene) with 0.5 uJ T4 DNA ligase (New England Biolabs No. 202) in 5 uJ of ligation buffer at 1 6°C overnight 
4 uJ of ligated DNA was packaged (GigaPack Gold, Stratagene). Infection and plaque lifts were performed as 

10 above. Approximately 1,500 phage were probed with radiolabeled approximately 1.6 kb Eco Rl fragment as 
above. Five hybridization positive plaques were picked and three were plaque purified. Two phage (NEB 620 
and V109-2) were rescued as pBIuescript recombinants (V1 1 7*1 and V1 17-2) by In vivo excision according to 
the manufacturer's Instructions (Stratagene). Both contained the approximately 1.6 kb Eco Rl fragment plus 
different second fragments. The 5' end was sequenced and corresponds to the sequence determined from 

13 NC1 1 (Ctal/Ndel fragment). See Figure No. 2. This Eco Rl fragment contains 3/6 of the T4 DNA polymerase 
family homology islands as described by Wang, etal., supra. The 1.6 kb Eco Rl fragment comprises nucleotides 
1269 to 2856 of Figure No. 6. 

The sequence of the 1 .6 kb Eco Rl and Cial/Ndel fragments indicated that the 1 .9 kb Eco Rl fragment may 
be necessary to complete the polymerase gene. Lambda Zapll phage, V1 10-1 through V1 10-7, containing the 

20 1 .9 kb Eco Rl fragment were identified as described above for NEB 620 using labeled probes. Two phage (V1 1 0- 
2 and V110-4) were rescued as pBIuescript recombinants (V153-2 and V153-4) by in vivo excision according 
to the manufacturers instructions (Stratagene). Both contained the approximately 1.9 kb Eco Rl fragment plus 
different second fragments. The 1.9 kb Eco Rl fragment had sequence identity with the overlapping region in 
Nc11. The 1.9 kb Eco Rl fragment comprises nucleotides 2851 to 4771 of Figure No. 6. 

25 The entire T. litoralis polymerase gene has been cloned as BamHI, Xbal and Nrul fragments which were 
unstable and from which the active enzyme was not detected. The gene has also been cloned in four pieces 
(1.3 kb Eco Rl fragment, approximately 1.6 kb Eco Rl fragment, approximately 1.9 kb Eco Rl fragment and an 
Eco Rl/BamHl fragment containing the stop codon). The 1.3 kb Eco Rl fragment stably expresses the amino 
terminal portion of the polymerase. 

30 Bacteriophage NEB620 was deposited under ATCC No. 40796 on 24th Aprfl 1 990. 

EXAMPLE III 

CLONING OF ACTIVE T. LITORALIS DNA POLYMERASE 

35 

The J- litoralis polymerase gene found on the 14 kb BamHI restriction fragment of bacteriophage NEB619 
(ATCC No. 40795), was sequenced using the method of Sanger, et a!., PNAS (1977) 74:5463-5467. 5837 bp 
of continuous DNA sequence (SEQ ID NO:1) was determined beginning from the 5' end of the 1.3 kb EcoRI 
fragment (position NT 1), see Rgure No. 6. 
40 From analysis of the DNA sequence, it was determined that the polymerase gene begins at NT 291 in the 
1 .3 kb EcoRI fragment A translation termination site beginning at NT 5397 was also located. Since the apparent 
molecular weight of T. litoralis polymerase was approximately 90-95 Kdal, it was predicted that the gene should 
be -2900 bp. Instead, a 51 06 bp open reading frame (ORF) was identified with a coding capacity of 1702 amino 
adds (aa) or -185 Kdal. 

45 By sequence homology with other DNA polymerases, an example of which is set out in Figure No. 7, It 
was discovered that the T. litoralis polymerase gene was Interrupted by an intron or intervening sequence in 
DNA polymerase consensus homology region III (Wang, T., etal.. FASEB Journal (1989) 3:14-21 the disclosure 
of which Is herein incorporated by reference). The conserved amino adds of the consensus DNA polymerase 
homology region III are shown in Figure No. 7. In the Figure, the conserved amino acids are underlined. As 

so can be seen In Figure No. 7, the left side of the T. litoralis homology island 111 (SEQ ID NO:2) begins at NT 
1737, and homology to the consensus sequence is lost after the Asn and Ser residues. The right side of the 
I. Iftoralis homology Island III (SEQ ID NO:3) can be picked up at NT 3384, at the Asn and Ser residues. When 
th twoT. litoralis polymerase amino acid sequences were positioned so that the Asn and Ser residues overlap, 
as In Figure No. 7, it was evident that a good match to the DNA polymerase homology region III existed. 

55 Using the homology data, it was therefore predicted that an interv ning sequence existed In the J. litoralis 
DNA separating the left and right halves of the DNA polymerase homology region III. 

In ne preferred embodiment, th intervening sequence was deleted by identifying uniqu restriction 
nzyme sites in the coding region which were near the intervening sequence splice junction. A synthetic duplex 
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oligonucleotide was synthesized, and us d to bridge the gap between the two restriction fragments. A multi-part 
sequ ntiaJ ligation of th carboxy nd restriction fragm nts, the bridging oligonucleotide, the amino end res- 
triction fragment, and th expression vector, resulted in the formation of an expression vector containing an 
intact polymerase gene with the Intervening sequence deleted. 
5 Specifically, the DNA fragments or sequences used to construct the expression vector of the present inven- 
tion containing the T. litoralis DNA polymerase gene with the intervening sequence deleted were as follows: 

1 . An Ndel site was created by oligonucleotide directed mutagenesis (Kunkel, et al., Methods in Enzymol- 
ogy (1987) 154:367:382) in plasmid V27-5.4 (Example II, Part B) such that the initiation codon of the 
polymerase coding region is contained within the Ndel site. 

10 

Original sequence . . . ttt ATG . . . 

(nucleotides 288-293) 

New sequence . . . CAT ATS . . . 

Sequences from the newly created Ndel site to the Clal site (approximately 528 base pairs) were utilized 
in the construction of the expression vector. 

2. An approximately 899 bp sequence between the Clal and Pvul site of NC1 1 (Example II, Part D). 

20 3. A synthetic duplex which spans the intervening sequence, connecting Pvul and Bsu36l sites derived 
from other fragments, as set out in Figure No. 12. 

In Figure No. 12, the first line indicates the original sequence at the 5' end of the splice junction (nucleotides 
1721-1784, SEQ ID NO:1), the second line indicates the original sequence of the 3' end of the splice junction 
(nucleotides 3375-3415, SEQ ID NO:1), and the third and fourth lines indicate the sequence of the synthetic 
25 duplex oligonucleotide. 

4. A Bsu361 to BamHI fragment, approximately 2500 base pairs, derived from bacteriophage NEB 619 
(Example II, PartC). 

5. A BamHI to Ndel fragment of approximately 6200 base pairs representing the vector backbone, derived 
from pET11c (Studier, Methods In Enzymology, (1990) 185:66-89), and which includes: 

30 a) The T7 phi 10 promoter and ribosome binding site for the gene 10 protein 

b) Ampicillin resistance gene 

c) lad* gene 

d) Plasmid origin of replication 

e) A four-fold repeat of the ribosomal transcription terminators (rmb), Simons, et al., Gene (1987) 
35 53:85-96. 

The above DNA fragments, 1-5, were sequentially ligated under appropriate conditions using T4 DNA lig- 
ase. The correct construct was identified by restriction analysis and named pPR969. See Figure No. 8. pPR969 
was used to transform E. coli strain RRI, creating a strain designated NEB 687. A sample of NEB 687 was depo- 
sited with the American Type Culture Collection on December 7, 1990 and bears ATCC No. 68487. 

40 In another preferred embodiment, the T. Irtoralis polymerase gene, with the intervening sequence deleted, 

was cloned into a derivative of the Studier T7 RNA polymerase expression vector pET11c (Studier, (1990) 
supra) . The recombinant plasmid V174-1B1 was used to transform E. coli strain BL21(DE3)pLysS, creating 
strain 175-1B1, designated NEB671. See Figure Nos. 5 and 10. 

A sample of NEB671 was deposited with the American Type Culture Collection on October 17, 1990 and 

45 bears ATCC No. 68447. 

A comparison between the predicted and observed molecular weights of the polymerase, even with the 
intervening sequence deleted, revealed a discrepancy. The predicted molecular weight of the polymerase after 
removal of the intervening sequence in region III is 132-kb, while the observed molecular weight of either the 
native (see Example I) or recombinant (see Example IV) polymerase is 95-kb. While not wishing to be bound 

so by theory, it is believed that the molecular weight discrepancy is due to an intron between homology regions I 
and III. This finding is based on the following observations: The distance between homology regions III and I 
varies from 15-135 amino acids in members of the pol alpha family (Wang, (1989) supra). In T. litoralis there 
are 407 amino acids or ~44-kD separating these regions. T. litoralis DNA polymeras is very similar to human 
pd alpha except for 360 amino acids between conserv d homology regions I and III wher no simiiarlity exists. 

55 In addition, as determined by PAGE, a thermostable endonuclease of approximately 35-kD is also pro- 
duced by the T. litoralis DNA polymerase clones of the present invention (see Example X). This endonuclease 
waspurifi dtoh mogeneity by standard Ion xchang chromatography, and was sequ need at its amino-ter- 
minal. Th first 30 amino acids of the endonuclease correspond to the amino acids ncoded beginning at nuc- 
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teotJda 3534 of th polymerase clone (SEQ ID NO: 1 ). This corresponds to th portion of the polymerase which 
lacks homology with other known polymerases. This endonuclease does not react with anti-T. Iitoralis DNA 
polymerase antisera. While th exact mechanism by which th endonuclease is spliced out of the polymerise 
is unknown, it occurs spontaneously in both E. coll and T. Iitoralis. 

5 

EXAMPLE IV 

PURIFICATION OF RECOMBINANT T. UTORAUS DNA POLYMERASE 

10 E. coji NEB671 (ATCC No. 68447) was grown in a 1 00 Irterfermentor in media containing 1 0 g/litertryptone, 
5 g/liter yeast extract, 5 g/Iiter NaCI and 100 mg/Itter ampicillln at 35°C and induced with 0.3 mM IPTG at 
midexponentiat growth phase and incubated an additional 4 hours. The cells were harvested by centrifugation 
and stored at -70°C. 

580 grams of cells were thawed and suspended in Buffer A (100 mM Nad, 25 mM KP0 4 at pH 7.0, 0.1 
15 mM EDTA, 0.05% Triton X-1 00 and 1 0% glycerol) to a total volume of 2400 ml. The cells were lysed by passage 
through a Gaulin homogenizer. The crude extract was clarified by centrifugation. The clarified crude extract 
volume was adjusted to 2200 mis with the above buffer and was heated to 75°C for 30 minutes. The particulate 
material was removed by centrifugation and the remaining supernatant contained about 3120 mg of soluble 
protein. 

20 The supernatant was applied to a DEAE-sepharose column (5 X 1 3 cm; 255 ml bed volume) linked in series 
to a phosphocellulose column (5 X 11 cm; 216 ml bed volume). The DEAE-sepharose flow-through fraction, 
containing the bulk of the enzyme, passed immediately onto the phosphocellulose column. Both columns were 
washed with 300 mis Buffer A, the two columns were disconnected, and the protein on the phosphocellulose 
column was eluted with a 2 liter linear gradient of NaCI from 0.1 M to 1 M formed in Buffer A. 

25 The column fractions were assayed for DNA polymerase activity. Briefly, 1-4 uJ of fractions were incubated 
for 5-1 0 minutes at 75°C in 50 uJ of 1X T. Iitoralis DNA polymerase buffer (1 0 mM KCI f 20 mM Tris-HCl (ph 8.8 
at 24°C), 1 0 mM (Nri^O*, 2 mM MgS0 4 and 0,1 % Triton X-1 00) containing 30 uM each dNTP and labeled 
TTP, 0.2 mg/ml activated calf thymus DNA and 1 00 jig/ml acetyiated BSA. The mixtures were applied to What- 
man 3 mm filters and the filters were subjected to three washes of 10% TCA followed by two washes of cold 

so ethanol. After drying of the filters, bound radioactivity representing Incorporation of 3 H-TTP into the DNA was 
measured. The active fractions were pooled and the enzyme activity levels in each pool were assessed using 
the above assay conditions except the dNTP level was raised to 200 uM each dNTP. Under these conditions 
one unit of enzyme activity was defined as the amount of enzyme that wifl incorporate 1 0 nmoles of dNTP into 
acid-insoluble material at 75°C in 30 minutes. 

35 The active fractions comprising a 300 ml volume containing 66 mg protein, were applied to a hydroxyiapatite 
column (2.5 X 5 cm; 25 ml bed volume) equilibrated with Buffer B (400 mM NaCI, 10 mM KP0 4 at pH 7.0, 0.1 
mM EDTA, 0.05% Triton X-1 00 and 1 0% glycerol). The protein was eluted with a 250 ml linear gradient of KP0 4 
from 10 mM to 500 mM formed In Buffer B. The active fractions, comprising a 59 ml volume containing 27 mg 
protein, was pooled and dialyzed against Buffer C (200 mM NaCI, 10 mM Tris-HCl at pH 7.5, 0.1 mM EDTA, 

40 0.05% Triton X-1 00 and 10% glycerol). 

The dialysate was applied to a heparin-sepharose column (1 .4 X 4 cm; 6 ml bed volume) and washed with 
20 ml Buffer C. A 100 ml linear gradient of NaCI from 200 mM to 700 mM formed in Buffer C was applied to 
the column. The active fractions, comprising a 40 ml volume containing 16 mg protein was pooled and dialyzed 
against Buffer C. 

45 The dialysate was applied to an Affi-ge! Blue chromatography column (1.4 X 4 cm; 6 ml bed volume), 
washed with 20 mis Buffer C, and the protein was eluted with a 95 ml linear gradient from 0.2 M to 2 M NaCI 
formed In Buffer C. The active fractions, comprising a 30 ml volume containing 1 1 mg of protein, was dialyzed 
against a storage buffer containing 200 mM KCI, 10 mM Tris-HCl (pH 7.4), 1 mM DTT, 0.1 mM EDTA, 0.1% 
Triton X-1 00, 100 ug/ml BSA and 50% glycerol. 

so The T. Iitoralis DNA polymerase obtained above had a specific activity of 20,000-40,000 units/mg. 

Characterization of recombinant T. Iitoralis polymeras 

Recombinant and native T. Iitoralis polymerase had the same apparent molecular weight when electrophor- 
59 esed in 5- 10% SDS-PAGE gradi nt gels. Recombinant T. iitoralis polym rase maintains th heat stability of 
the native nzyme. Recombinant T. Iitoralis polym rase has th same 3' — >5' exonuclease activity as native 
T. Iitoralis polymerase, which is also sensitive to Inhibition by dNTPs. 
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EXAMPLE V 

OVER-EXPRESSION OF THE THERMOCOCCUS LITORALIS DNA POLYMERASE GENE 

5 The T. litoralis DNA polymerase gene, with the intron deleted, e.g. , V1 74-1 B1 obtained In Example III, may 
be used in a number of approaches, or combinations thereof, to obtain maximum expression of the cloned T. 
litoralis DNA polymerase. 

One such approach comprises separating the T. litoralis DNA polymerase gene from its endogenous con- 
trol elements and then operably linking the polymerase gene to a very tightly controlled promoter such as a T7 
10 expression vector (Rosenberg, et al., Gene (1 987) 56:125-135). Insertion of the strong promoter may be accom- 
plished by identifying convenient restriction targets near both ends of the T. litoralis DNA polymerase gene and 
compatible restriction targets on the vector near the promoter, or generating restriction targets using site direc- 
ted mutagenesis (Kunkel, (1 984), supra) , and transferring the T. litoralis DNA polymerase gene Into the vector 
in such an orientation as to be under transcriptional and translational control of the strong promoter. 
is T. litoralis DNA polymerase may also be overaxpressed by utilizing a strong ribosome binding site placed 
upstream of the T. litoralis DNA polymerase gene to increase expression of the gene. See. Shine and Dalgamo, 
Proa Natf. Acad. Sci. USA (1974) 71:1342-1346, which is hereby incorporated by reference. 

Another approach for increasing expression of the T. litoralis DNA polymerase gene comprises altering the 
DNA sequence of the gene by site directed mutagenesis or resynthesis to contain initiation codons that are 
20 more efficiently utilized than E. coll. 

Finally, T. litoralis DNA polymerase may be more stable in eukaryote systems like yeast and Bacuiovirus. 
The T. litoralis DNA polymerase may be produced from clones carrying the T. litoralis DNA polymerase 
gene by propagation in a fermentor In a rich medium containing appropriate antibiotics. Cells are thereafter har- 
vested by centrifugation and disrupted by sonication to produce a crude cell extract containing the T. litoralis 
25 DNA polymerase activity. 

The crude extract containing the T. litoralis DNA polymerase activity is purified by the method described 
in Example I, or by standard product purification techniques such as affinity-chromatography, or tan-exchange 
chromatography. 

so EXAMPLE VI 

PRODUCTION OF A T. LITORALIS DNA POLYERMASE 3 f TO 5'EXONUCLEASE MUTANT 

A T. litoralis DNA polymerase lacking 3' to 5' exonuclease activity was constructed using site-directed 
35 mutagenesis to alter the codons for aspl 41 and glu143 to code for alanine. Sfte-directed mutagenesis has been 
used to create DNA polymerase variants which are reported to have reduced exonuclease activity, including 
phi29 (Cell (1989) 59:219-228 ) DNA polymerase I (Science (1988) 240:199-201) and T7 DNA polymerases 
(US. Patent No. 4,942,130). 

Site-directed mutagenesis of the polymerase of the present invention was accomplished using a modrfj- 
40 cation of the technique described by Kunkel, T.A., PNAS (1985) 82:488-492, the disclosure of which is herein 
incorporated by reference. The V27-5.4 plasmid (see Example 2, Part B) was used to construct the site-directed 
mutants. V27-5.4 encodes the 1.3 kb EcoRI fragment in pBIuescript SK+. E. coH strain CJ236 (Kunkel, et al., 
Methods in Enzvmology (1987) 154:367-382), a strain that incorporates deoxyuracil In place of deoxythymidine, 
containing the V27-5.4 plasmid was superinfected with the f1 helper phage IR1 (Virology, (1 982) 122:222-226) 
45 to produce single stranded versions of the plasmid. 

Briefly, the site-directed mutants were constructed using the following approach. First, a mutant oligonuc- 
leotide primer, 35 bases in length, was synthesized using standard procedures. The oligonucleotide was hyb- 
ridized to the single-stranded template. After hybridization the oligonucleotide was extended using T4 DNA 
polymerase. The resulting double-stranded DNA was converted to a closed circular dsDNA by treatment with 
60 T4 DNA ligase. Piasmids containing the sought after mutations were identified by virtue of the creation of a 
Pvul site overlapping the changed bases, as set out below. One such plasmid was identified and named pAJGZ 
The original and revised sequences for amino acid residues are 141, 142, and 143: 



55 
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. . asp lie glu 
Original: • • GA * ATT Saa 



• . ala ile ala 
Altered: • • GCG ATC GCA 

The newly created Pvul site, used to screen for the alteration, is underlined. Note that the middle codon was 

10 changed but that the amino add encoded by this new codon is the same as the previous one. 

An approximately 120 bp Cial to Ncol fragment from V174-1B1 (see Example III) was replaced by the cor- 
responding fragment bearing the above substitutions from pAJG2, creating pCAS4 (see Figure No. 9). pCAS4 
thus differs from V174-1 B1 by 4 base pairs, namely those described above. 

E. coliBL21 (DE3)ptysS (Methods in Enzymology. (1990) 185:60-89) was transformed with pCAS4, creat- 

16 ing strain NEB681 . Expression of the mutant T. litoralis polymerase was Induced by addition of IPTG. 

A sample of NEB681 has been deposited with the American Type Culture Collection on November 8, 1990, 
and bears ATCC No. 68473. 

Relative exonudease activities in the native T. Irtoralis DNA polymerase and the exonuclease minus variant 
isolated from E. coli NEB681 was determined using a uniformly PH] labeled E. coll DNA substrate. Wild type 

20 T. litoralis DNA polyermase was from a highly purified lot currently sold by New England Bioiabs, Inc. The 
exonuclease minus variant was partially purified through DEAE sepharaose and phosphocellulose columns to 
remove contaminants which interfered with the exonuclease assays. The indicated number of units of polyer- 
mase were added to a 0.1 ml reaction containing T. litoralis DNA polymerase buffer [20 mM Tris-Hd (pH8.8 at 
25°C), 10 mM KQ, 10 mM (NH^SO* 5 mM MgS0 4 , 0,1% Triton X-100], 0.1 mg/ml bovine serum albumin, 

25 and 3 ug/ml DNA substrate (specific activity 200,000 cpum/jig) and the reaction was overlaid with mineral oil 
to prevent evaporation of the reaction. Identical reactions contained in addition 20 uM dNTP, previously shown 
to inhibit the exonuclease activity of the wild type enzyme. The complete reaction mixture was incubated at 
70°Cfor60 minutes, following which 0.08 ml was removed and mixed with 0.02 ml 0.5 mg/ml sonicated herring 
sperm DNA (to aid in precipitation of intact DNA) and 0.2 ml of 10% trichloroacetic add at 4°C. After mixing, 

30 the reaction was incubated on ice for 5 minutes, and the DNA then pelleted at 4°C for 5 minutes in an Eppendorf 
centrifuge. 0.25 ml of supernatant was mixed with scintillation fluid and counted. The results of the sample 
counting, corrected for background, are shown in Figure No. 11. 

As Blustrated in Figure No. 1 1 , the exonuclease minus variant was substantially free of exonuclease activity 
in the presence or absence of dNTPs under conditions where the native polymerase clearly demonstrated 

35 exonuclease activity. Conservatively estimating that a level of activity two-fold above background could have 
been detected, this implies that the exonuclease activity is decreased at least 60-fold in this variant 



EXAMPLE VII 



40 T. LITORAUS DNA POLYMERASE HALF-LIFE DETERMINATION 



The thermostability or half-life of the T. litoralis DNA polymerase purified as described above In Example 
1 was determined by the following method. Purified J. litoralis DNA polymerase (25. units) was preincubated 
at 100°C in the following buffer 70 mM tris-HCI (pH 8.8 at 25°C), 17 mM ammonium sulfate, 7 mM MgCfe. 10 

46 mM beta-mercaptoethanol, 200 uW each deoxynudeotide and 200 ug/ml DNAse-treated DNA. An initial sample 
was taken at time zero and a small aliquot equivalent to 5% of the enzyme mixture was removed at 10, 20, 40, 
60, 90, 120, 150, and 180 minutes. The polymerase activity was measured by determining incorporation of 
deoxynudeotide into DNA as described previously. 

A sample of Taq DNA polymerase obtained from New England Bioiabs was subjected to the above assay. 

60 An initial sample was taken at time zero and a small aliquot equivalent to 5% of the enzyme mature was 
removed at 4, 7, and 1 0 minutes. As shown In the Figure No. 3, the half-life of the T. litoralis DNA polymerase 
at 1 00°C was 60 minutes, whil th halMrf of the Taq polymerase at 1 00°C was 4.5 minutes. 

As shown in Figure No. 3, the half-life of T. litoralis DNA polymerase at 100°C in the absence of stabilizers 
was 60 minutes, whBe In the presence of th stabilizers TRITON X-100 (0.15%) or BSA (1 OOug/ml) the half-lff 

86 was 95 minutes. This was in stark contrast to th half-life of Taq DNA polymerases at 1 00°C V which in th pre- 
sence or absence of stabilizers was 4.5 minutes (Figure No. 3). 



18 



EP 0455430 A2 

EXAMPLE VIII 

DETERMINATION O F 3'-5' PROOFREADING ACTIVITY 

1. Response of T- litoralis DNA Polymerase to the Absence or Presence of Deoxynucleotides. 

The levels of exonuclease activities associated with polymerases show very different responses to 
deoxynucleotides. Nonproofreading 5'-3' exonucleases are stimulated tenfold or greater by concomitant polym- 
erization afforded by the presence of deoxynucleotides, while proofreading 3'-5' exonucleases are inhibited 
completely by concomitant polymerization. Lehman, LR. ARB (1967) 36:645. 

The T. litoralis DNA polymerase or polymerases with well-characterized exonuclease functions (T4 
Polymerase, Klenow fragment) were incubated with 1 ug 3 H-thymidine-labefed double-stranded DNA (10 s 
CPM/ug) in polymerization buffer (70 mM tris (pH 8.8 at24°C), 2 mM MgCfet 0,1% Triton and 100 ug/ml bovine 
serum albumin). After an incubation period of three hours (experiment 1) or four hours (experiment 2) at either 
70°C (thermophilic polymerases) or 37°C (mesophUic polymerases), the exonudease-hydrdyzed bases were 
quantified by measuring the add-soluble radioactively-labeled bases. 

As shown in Table 1, the Taq DNA polymerase, with Its 5'-3' exonuclease activity, shows stimulation of 
exonudease activity when deoxynudeotides were present at 30 uM. However, polymerases with 3'-5' proof- 
reading exonudease activities, such as the T4 polymerase, Klenow fragment of E. poll polymerase 1, or the 
I- litoralis DNA polymerase showed the reverse, an inhibitory response to the presence of deoxynudeotides. 
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The similarity of responses to th presence or absence of deoxynucleotides of the T. litoraiis DNA p lymer- 
ase and the well-characterized KI now fragment of the E. coll DNA polymeras Is further shown in Figure No. 
4.Tw nty units of either polymeras was incubated with 9 3 H-thymidine-iabeI d double-stranded DNA (10 5 
CPM/ug) in 350 uJ polymerization buffer as described above In the presence, or absence of, 30 uM deoxynuc- 
5 leottdes. At each time point, 50 uJ was removed and the level of acid-soluble radioactively-labeled bases were 
measured. As Figure No. 4 documents, the behavior of T. litoraiis DNA polymerase and the Wenow fragment 
of E. roll DNA polymerase, which contains a well-characterized 3'-5' proofreading exonuclease activity, are 
very similar. 

10 2. Response of T. litoraiis DNA Polymerase to Increasing Deoxynucleota'de Concentrations. 

Exonuclease activities of polymerases are affected by the level of deoxynucleotides present during polym- 
erization, in as much a9 these levels affect polymerization. As deoxynudeotide levels are increased towards 
the Km (Michaelis constant) of the enzyme, the rate of polymerization is increased. For exonuclease functions 
15 of polymerases sensitive to the rate of polymerization, changes in exonuclease activity are parallel with 
increases in deoxynudeotide concentrations. The increase in polymerization rate drastically decreases proof- 
reading 3'-5' exonuclease activity with a concomitant increase in polymerization-dependent 5'-3' exonuclease 
activity. 

The exonuclease function of the T. litoraiis DNA polymerase was compared to those of well-characterized 
20 exonuclease functions of other polymerases as the deoxynudeotide concentration was increased from 10 uM 
to 100 uM. The exonudease activity was measured as described in (1) with an incubation period of 30 minutes. 
As summarized in Table 2, the T. litoraiis DNA polymerase responded to increases in deoxynudeotide levels 
similarly to a polymerase known to possess a 3'-5' proofreading exonuclease (Klenow fragment of E. coli DNA 
Pol. I). This response was In contradiction to that of a polymerase known not to possess this proofreading func- 
25 tion, Taq DNA polymerase. This polymerase responded to an increase In deoxynudeotide levels with an 
increase in exonudease function due to its 5'-3' exonudease activity. 

3. Response of T. litoraiis DNA Polymerase to Alteration from a Balanced Deoxynudeotide State to an 
Unbalanced State. 

30 

Polymerization is dependent on equal levels of all four deoxynudeotides present during DNA synthesis. If 
the deoxynudeotide levels are not equal, polymerases have decreased polymerization rates and are more likely 
to insert incorrect bases. Such conditions greatly increase proofreading 3'-5' exonudease activities while dec- 
reasing 5'-3' exonudease activities. Lehman, I. R., ARB (1967) 36:645. 
35 The T. litoraiis DNA polymerase was incubated with both balanced deoxynudeotide levels (30 uM) and 

two levels of imbalance characterized by dCTP present at 
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1/10or1/100theleveloftheotherthreedeQxynucIeotid s.Theresp nse of the T. litoralis DNA poivmeras 
was then compared to that of three polymerases possessing either the 3'-5' or th 5'-3' ex nuclease functi ns. 
All assays were performed as described In (1) except for dCTP concentrations listed bel w. As seen in Table 
3 below, the T. litoralis DNA polymerase follows the expected behavior for a proofreading 3'-5' exonuclease- 
5 containing polymerase; an Imbalance in deoxynucleotide pools increased the exonuclease activity in a similar 
manner as that of the proofreading polymerases of T4 DNA polymerase or Klenow fragment of E. opji DNA 
polymerase I. In contrast to this response, the exonuclease of the Taq DNA polymerase was not affected until 
the imbalance was heightened to the point that polymerization was inhibited. 

10 4. Directionality of Exonuclease Activity 

A proofreading exonuclease has a 3'-5' directionality on DNA while nonproofreading exonuclease 
associated with DNA polymerases have a 5'-3' directionality. To discern the direction of the exonuclease activity 
of T. litoralis DNA polymerase, the 5' blocked DNA of adenovirus was utilized. Since the 5' end of this DNA is 
15 blocked by protein, enzymic activities that are 5-3' in directionality cannot digest this double-stranded DNA; 
however, enzymic activities that are 3'-5\ such as exonuclease III or proofreading exonuclease-containing 
polymerases, can digest adenovirus DNA. 

Twenty-five units of exonuclease III or 20 units of either T. litoralis DNA polymerase, T4 DNA polymerase 
(possessing a well characterized 3'-5' exonuclease 
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activity), or Taq DNA polymerase (lacking such an activity) were incubated with 5 ng adenovirus DNA for time 
periods up to 30 minutes duration at either 37°C (T4 polymerase and exonudease III) or 70°C (Taq polymerase 
and T. litoralis polymeras ) in the presence of 70 mM tris-HCI pH 8.8 at 25°C, 2 mM MgCI 2 and 100 jig/ml BSA. 
At the end of each incubation time period, enzymic activity was stopped by phenol extraction of the adenovirus 
5 DNA, followed by Hpal digestion for one hour at 37°C in 20 mMtris, pH7.9at25°C, 10 mM Magnesium acetate 
50 mM potassium acetate and 1 mM DTT. The DNA fragments were subjected to agarose gel electrophoresis 
and the resulting pattern of time-dependent degradation and subsequent loss of double-stranded DNA frag- 
ments were assessed. 

The 3'-5' exonudease activities of exonudease III, of T. litoralis DNA polymerase and T4 DNA polymerase 
10 caused the disappearance of the double-strand DNA fragments originating from the 5' blocked end of the 
adenovirus DNA, indicating vulnerability of its 3' end. In contrast, the Taq DNA polymerase with its 5'-3' 
polymerization-dependent exonudease activity, showed no disappearance of the DNA fragment 

EXAMPLE IX 

15 

PERFORMANCE OF T. litoralis DNA POLYMERASE IN THE PCR PROCESS 

The ability of the T. litoralis DNA polymerase to perform the polymerase chain reaction (PCR) was also 
examined. In 100 nl volumes containing the buffer described in Example IV, varying amounts of M13mp18 DNA 

20 cut by Clal digestion, generating 2 fragments of 4355 bp and 2895 bp, were incubated with 200 ng of calf thymus 
DNA present as carrier DNA to decrease any nonspecific adsorption effects. The forward and reverse primers 
were present at 1 fiM (forward primer = 5'd(CCAGCAAGGCCGATAGTTTGAGTT)3' and the reverse primer = 
5' d(CGCCAGGGTTTTCCCAGTCACGAC)3'). These primers flank a 1 kb DNA sequence on the 4355 bp frag- 
ment described above, with the sequence representing 14% of the total M1 3mp1 8 DNA. Also present were 200 

25 }iM each dNTP, 100 ng/ml BSA, 1 0% DMSO and 2.5 units of either T. aquaticus DNA polymerase (in the pre- 
sence or absence of 0.5% NP40 and 0.05% Tween 20), or J. litoralis DNA polymerase (in the presence or abs- 
ence of 0.10% Triton X-100). The initial cyde consisted of 5 min at 95°C, 5 min at 50°C (during which 
polymerase and BSA additions were made) and 5 min at 70°C. The segments of each subsequent PCR cyde 
were the following: 1 min at 93°C, 1 min at 50°C and 5 min at 70°C. After 0, 13, 23 and 40 cydes, 20 til amounts 

30 of 1 00 pi vdumes were removed and subjected to agarose gel electrophoresis with ethidium bromide present 
to quantitate the amplification of the 1 kb DNA sequence. 

Initial experiments with this target DNA sequence present at 28 ng and 2.8 ng established the ability of the 
T. litoralis DNA polymerase to catalyze the pdymerase chain reaction; yields were comparable or not more 
than twofold greater than the seen with T. aquaticus DNA polymerase. 

35 However, it was at the lower levels of target DNAsequence, 2.8 femtog rams, that differences in polymerase 
function were most apparent Under these conditions requiring maximal polymerase stability and/or effidency 
at elongation of DNA during each cyde,the T. litoralis DNA polymerase produced greater than fourfold more 
amplified DNA than that of T. aquaticus DNA polymerase within 23 cydes. 

This ability to amplify very small amounts of DNA with fewer cydes is important for many applications of 

40 PCR since employing large cyde numbers for amplification is assodated with the generation of undesirable 
artifacts during the PCR process. 

EXAMPLE X 

45 PURIFICATION OF RECOMBINANT T. UTORAUS INTRON-ENCODED ENDONUCLEASE 

E. coli NEB671 (ATCC No. 68447), grown as described in Example IV, were thawed (70 grams) and sus- 
pended In Buffer A containing 200 ng of lysozyme per ml to a final volume of 300 ml. The mixture was incubated 
at 37°C for 2 minutes and then 75°C for 30 minutes. The heated mixture was centrifuged at 22,000 x g for 30 

so minutes and the supernatant was collected for further purification of the thermostable endonudease. Since all 
of the nud eases from E. coli were inactivated by the heat treatment, the preparation at this stage could be used 
for characterization of the intron-encoded endonudease. To separate this enzyme from the recombinant T. 
lit rails DNA polym rase also present in the 75°C supernatant solution, th soluti n was passed through a 
DEAE-sepharose column (5 cm x 5 cm, 100 ml bed vdume) and washed with 200 ml of Buffer A. Ess ntially 

55 all f the DNA polymerase activity passes through th cdumn while the endonudease activity sticks. The 
end nudease activity was eluted with a one liter linear gradient of NaCI from 0.1 M to 0.8 M formed in Buff r 
A. The ndonud as activity eluted at about 0.4 M NaCI, and was assayed in a buffer containing 10mMKCI, 
20 mM Tris-HCI (pH 8.8 at 24°C), 10 mM (NMfcSO* 10 mM MgS0 4 , 0.1% Triton X-100 and 1 jig of pBR322 
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DNA per 0.05 ml of reaction mixture. Th reaction mixture was incubated at 75°C and the extent of DMA cleav- 
age was determined by agarose gel electrophorese. At lower temperatures little or no endonuclease activity 
was detected. Th tubes containing th peak activity were pooled, dialyzed overnight against Buffer A and then 
applied to phosphocellulose column (2.5 cm x 6.5 cm, 32 ml bed volume), washed with Buffer A and the 

5 endonuclease activity eluted with a linear gradient of NaCI from 0.1 M to 1.5 M formed in Buffer A. The enzyme 
eluted at about 0.8 M NaCI. Active fractions were pooled and dialyzed overnight against Buffer A and then pas- 
sed through a HPLC Mono-S column (Pharmacia) and eluted with a linear gradient of NaCI from 0.05 M to 1.0 
M. The activity eluted as a single peak and was homogeneous by SDS-PAGE a single 33-37 kd band was 
detected by Commasie blue staining and when this band was eluted from the gel and renatured it contained 

10 the only endonuclease activity detected on the gel. 

The enzyme has preferred cutting sites on various DNAs. There are several fast cutting sites on lambda 
DNA and many slow sites. On the plasmid pBR322 the enzyme cuts three sites rapidly and a few other sites 
slowfy on prolonged incubation. Two of the rapid sites on pBR322 have been sequenced: 

15 

Site at position 164: 

5' TTGGTTATGCCGGTAC V TGCCGGCCTCTT 3' 
20 3' AACCAATACGGC X CATGACGGCCGGAGAA 5 
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Site at position 2411: 

5' TTGAGTGAGCTGATAC V CGCTCGCCGCAG 3' 
3 ' AACTCACTCGAC A TATGGCGAGCGGCGTC 5' 

Thus, the endonuclease from T. litoralis resembles other intron-encoded endonucieases reported from 
yeast In that their is a four base 3' extension at the cut site. 

The thermostable endonuclease of the present invention can be used in genetic manipulation techniques 
where such activity is desired. 



Claims 



1. A purified thermostable enzyme obtainable from Thermococcus litoralis which catalyzes the polymerization 
40 of DNA. 

2. The thermostable enzyme of claim 1 , having a molecular weight of about 90,000 to 95,000 daitons. 

3. The thermostable enzyme of claim 1 , having a 3'-5' exonuclease activity. 

45 

4. The thermostable enzyme of claim 3, wherein the 3'-5' exonuclease activity is inactivated. 

5. The thermostable enzyme of claim 4, wherein said enzyme Is obtainable from E. coli NEB 681. 

so 6- The thermostable enzyme of claim 1, having a half life of about 60 minutes at 100°C in the absence of a 
stabilizer. 

7. The thermostat enzyme of claim 1, having a half life of about 95 minutes at 100°C in the presence of a 
stabilizer. 



8. The thermostable enzyme of claim 7, wherein said stabilizer Is a nontonic-detergent 

9. Thethermostabl enzyme of claim 8, wherein said nonionic-detergent is sel ctedfromth group consisting 
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of octoxynol, polyoxyethylated sorbitan monolaurate and ethoxylated nonyl phenol. 

10. The thermostable enzyme of claim 7, wherein said stabilizer is a protein. 

11. The thermostable enzyme of claim 10, wherein said protein is selected from the group consisting of Bovine 
Serum Albumin and gelatin. 

12. An isolated DNA sequence coding for the amino-tenminal portion of a thermostable enzyme obtainable from 
Thermococcus litoralis. 

13. The isolated DNA sequence of claim 12, wherein the isolated DNA sequence is about 1 .3 kb in length. 

14. The isolated DNA sequence of claim 13, wherein the isolated DNA comprises nucleotides 1 to 1274 of Fig- 
ure No. 6. 

15. A vector containing the isolated DNA sequence of claim 13. 

16. The vector of claim 15, wherein such vector is bacteriophage NEB 618. 

17. An isolated DNA sequence coding for the intermediate portion of a thermostable enzyme obtainable from 
Thermococcus litoralis. 

18. The isolated DNA sequence of claim 17, wherein the isolated DNA sequence is about 1 .6 kb in length. 

19. The isolated DNA sequence of claim 18, wherein the isolated DNA comprises nucleotides 1269 to 2856 
of Figure No. 6. 

20. A vector containing the isolated DNA sequence of claim 19. 

21. The vector of claim 20, wherein such vector is bacteriophage NEB 620. 

22. An isolated DNA sequence coding for the carboxyl-terminal of a thermostable enzyme obtainable from 
Thermococcus litoralis . 

23. The isolated DNA sequence of claim 22, wherein the isolated DNA is about 1.9 kb in length. 

24. The isolated DNA sequence of claim 23, wherein the isolated DNA comprises nucleotides 2851 to 4771 
of Figure No. 6. 

25. A vector containing the isolated DNA sequence of claim 23. 

26. The vector of claim 25, wherein such vector is plasmkJ V153-2. 

27. A vector comprising the isolated DNA sequence of claim 13 operably linked in the proper reading frame 
with the isolated DNA sequence of claim 17 to produce Thermococcus I itorai is DNA polymerase or a portion 
thereof. 

28. The vector of claim 27, further comprising the isolated DNA sequence of claim 23 operably linked in the 
proper reading frame to produce Thermococcus litoralis DNA polymerase or a portion thereof. 

29. An isolated DNA sequence which codes for the thermostable enzyme of claim 1. 

30. A vector containing the DNA sequence of claim 29. 

31. A microbial host transformed by the vector of claim 30. 

32. An isolated DNA sequence according to claim 29 contained within an approximately 14 kb BamHI restriction 
fragment of bacteriophage NEB 619. 

27 



EP 0 455 430 A2 



33. The isolated DNA sequence of claim 29, comprising the DNA sequence of Figure No. 6. 

34. The isolated DNA sequence of claim 33, wherein nucleotides 1776 to 3389 have been deleted. 

5 35. An isolated DNA sequence according to claim 29, comprising an approximately 4 kb BamHI/Ndel restriction 
fragment of piasmid pPR969. 

36. A vector containing the DNA of claim 33. 

10 37. A vector containing the DNA of claim 34. 

38. The vector of claim 37, wherein said vector is piasmid V1 74-1 B1 . 

39. The vector of claim 37, wherein said vector is piasmid pPR969. 

15 

40. A microbial host transformed with the vector of claim 38 or claim 39. 

41. The transfbrmant of claim 40, wherein said transformant is E. coli NEB 671 (ATCC 66447). 
20 42. The transformant of claim 40, wherein said transfbrmant is E. coli NEB687 (ATCC 68487). 

43. A process for the preparation of Thermococcus litoralis DNA polymerase comprising culturing the trans- 
formed microbial host of any of the claims 40, 41 , or 42 under conditions suitable for the expression of Ther- 
mococcus litoralis DNA polymerase and recovering Thermococcus litoralis DNA polymerase. 

25 

44. Thermococcus litoralis DNA polymerase produced by the process of claim 43. 

45. A method for producing Thermococcus litoralis DNA polymerase comprising the steps of 

(a) purifying total DNA from Thermococcus litoralis; 
so (b) isolating DNA from the total DNA of step (a) which codes for the DNA polymerase; 

(c) removing an intervening DNA from said isolated DNA of step (b); 

(d) ligating the DNA of step (c) into an appropriate vector; 

(e) transforming a host with the vector of step (d); 

(f) cultivating the transformed host of step (e) under conditions suitable for expression of the T. 
35 litoralis DNA polymerase; 

(g) recovering the Thermococcus litoralis DNA polymerase. 

46. The method of daim 45, wherein the isolated DNA comprises the DNA of Figure No. 6. 

40 47. The method of claim 44, wherein the intervening DNA Is removed via a splice junction, said splice junction 
spanning from about nucleotides 1761-1775 and 3384-3392 of Figure No. 6, whereby a concensus region 
corresponding to concensus region III of Figure No. 8 is formed. 

48. The method of daim 47, wherein the intervening DNA comprises nudeotides 1776 to 3389 of Figure No. 6. 

45 

49. A thermostable endonudease obtainable from Thermococcus litoralis which cleaves double-stranded 
deoxynudeotide acid pBR322 at position 164 and position 2411. 

50. The thermostable endonuclease of daim 49, having a molecular weight of about 33,000-37,000 daltons. 

50 

51. The isolated DNA of daim 33, which further codes for the thermostable endonudease of daim 49. 

52. Th isolated DNA of daim 51 .wherein the coding sequence for the endonudease starts at nudeotide3534. 

as 53. The vector of daim 30, wherein such vector is bacteriophag NEB619 (ATCC 40795). 

54. A microbial host transformed with the vector pCAS4, wherein said transformant is E.Coii NEB681 (ATCC 
68473). 
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Fig. 1A. SDS-Polyacrylamide Gel of Purified 
T. Htoralis DNA Polymerase 
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O THERMOCOCCUS litoralis 




MINUTES AT IOO°C 



THERMAL STABILITIES OF DNA POLYMERASES 

FIG.3 
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DNA POLYMERASE S - (• ) KLENOW FRAGMENT OF E.coli 

(A) T. litorolis 
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CMTTCTGOG MGGAOGAIEA AAOCTOOGAA OCTAIBOGCT TGAGGC2VG1T TATCAAGCAG 
TTTFAGGAAA. MOCAAAAGC AMTTAGGAG gagaggaaait tcxxxxzeaxa TGGGAAAGAG 
MGAAAGCBT GAAAAAACTA GOOCACT3VCT CAATGGAAGA AGCTA!FGAGC 
TOGQGAAGGA MTCITOOOC ATGGAAGCTG MCTGGCAAA GCTGATftGGT CMACTGTAT 
GGGAOGTCTC GAGATCAAGC AOOGGCAAOC TOGTGGACTG GTAUaTlTA AGGGTGGCAT 
A0GOGAGGAA TGAACTTGCA OOGARCaAAC CTCATGAGGA MaOTATRAA CGGCGCTTAA 
GAACAAC1TA OCTOGGAGGA TRTCTAAAAG AGOCAGAAAA MGCTTGTGG GAAAAIATCA 
ITiiAIiTlXJGA 'ITIOOJCAGT C3X3TAOOCTT C3VAIAATACT TACTCAGAAC CTKPOOOC3VG 
AraOCXOTGA AAAAGAGGGC TOTAAGAATT ACGATOTTGC TOOGAIAGTA GGAIAIAGCT 
TCTGCAAGGA CTPKX3GGGC OTXKFPOOCT OCKEACTOGG GGACTEAA1T GCAATGAGGC 
AAGAIAIAAA GAAGAAAATC AAATOCACAA TTGAOCOGAT CGAAAAGAAA ATGCTOGATT 
ASAGGGAAAG GGCTA3TAAA TTGCTTCCAA ACAGCATCTT AOCCAACGAG TGGITAOCAA 
aMTTGAAAA TQGNSAAATA AAA3TOCTGA AAA3TCQOGA GTTTAIAMC TCTI3VCATC3G 
aAATWVCBGAA GGRAMCGTT MAACAGIAG AGAAIACTGA MTICTCGAA GTAAAGAAOC 
TTTTTGCAJrr CTCKTTCMC AAAAAAATCA AAGAAAGTCA MTCAAAAAA CTC&AAGOOC 
TCAXAAGAGA TOAGTFAXAAA GQGAAAGCTT ATCAGATTCA GCTIAGCTCT GGIAGAAAAA 
TTAACAIAAC TGCTGGOCM AGlCTGTTm CBOTnVSAAA TCGAGAAA33V AAGG3\ACTTT 
CTGGAGMX3G GA3MAAGAA GGTCAOCTTA TTGTAGCAGC AAAGAAAA1T AAACTCBATG 
MAAAGGGCT AAGCAIAAAC AITOOOGAGT TAATCTCBGA TCTTTOOGAG GAAGAAACAG 
COGACATTGT GATGAOGATT TCAGOCAAGG GCAGAAAGAA CTTCTTTAAA GGAATGCTGA 
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TGAOGAIAAG AGaAAXAGAG CBAAAGTTOG GCTTEAAGOT TCTTTATGOG GAC3U3TGTCT 
CAGGAGAMG TOH3ATCAIA JmttGGCfcAA AOSGAMGAIT TAGATTTOre AAAA3MAGG 

mcttttcic tmggtggac tocrgcbttg gogaaaaaga aerctggzot ctogaaggto 
txgaagcact aactctx3gac gatcaoggba agotpgtcts gaagoocgtc ooctoootga 
tgagqcacag agogaaiaaa agaatoitoc gcatctggct GaccRAcaGc Tcxnsmraa 
atottactsv GGAiramicr ctcaiaggct atctaaac»c! gtcaaaaaog aaaactgoca 

MAAMTOGG GGAWUSACm AAGGMGl^ GCAG1MAAT 
OGCTCATATO OOCAAATOCA OOGTEAAAGG AIEGAGAAIAC CAAAACTAGC GAAA33VGCAG 
TAAAATTCTG GGMCTOOTA GGAXTGAITTG TAGGRGATGG AAACTGGGOT GGAGATTCTC 
OTTOGGC»SA OTAOTMCTT GGAC3TFCAA CRGGCAAAGA TGCAGAAGAG AIAAAGCAAA 
AACTTCTGGA AOXCTAAAA ACiTA!lUGAG TAATCTCAAA CTATTAOOCA AAAAACGAGA 
AAGGGGACTT CAMATCITO GCAAAGAGOC TPOT31AAGTP TATGAAAAGG CACTTTMGG 
ACGAAAAAGG AAGAOGAAAA AXTOCSGACT TXMX7EATGA GCTTOOGGTT ACTEACATAG 
AGGCAnTCT AOGAGGACTG TTTTGAGCTG ATOOTACTOT AACHAl^CAGG AAGGGAGTTC 
CAGAGATCAG GCTAACAAAC AITGATGCTG ACTTTCTAAG GGAAOTAAGG AAGCTTCTCT 
GGA3TOTIX3G AA3TTCAAAT TCAATAITIG CTGAGACTAC TOCftAATOGC 13V2AATGGTG 
TTTCTACTGG AAOCTACTCA AAGCATCTAA GGATCAAAAA TAAGTGGOGT TTTGCTGAAA 
GGATAGGCTT TTTAATOGAG AGAAAGCAGA AGAGACTTFT AGAACAT1TA AAATCAGOGA 
GGGIAAAAAG GAAXAOCAXA GA3TTTGGCT CTGATCTTOT GGA3X3TCAAA AAAGTOGAAG 
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AGAraOCAIA OGAGGGTTAC GTTEATCACA mBAOTOGA AGAGAOGCAT MbTl"ClTlX3 4680 

CBAACAACAT OCTQOTAGAC AAIACTGACG GCTTTTAIGC CECAAIACOC GGGGAAAAGC 4740 

C3X3MCTCWP TBAAAAGAAA GOGAAGGAAT TOCIAAACIA CAIAAACTOC MACTPOCAG 4800 

arCTX3CTIX3A GCTTGaCTRT GAGGGCTTTT ACTTGAGAGG MTCTTTCTT ftCAAAAAAGC 4860 

GCOSTGCasr CMAGATGAA GAGGGCAGGA TAACAACBAG GGGCTTQGAA G1M1MGGA 4920 

GAGAITGGAG TCAGAIAGCT AAGGAGACTC AGGCAAAGCT OTXRG&GGCT AXAdTAAAG 4980 

AGGGAAGTCT TGAAAAAGCT GTAGAAGTTS TIAGJGATGT TGTAGAGAAA AIAGCAAAAT 5040 

ACAGGGTTOC ACTTGAAAAG CTTGTIATOC ATCAGCAGAT TAOCAGGGAT TTAAAGGACT 5100 

MAAAGOCKT TGGOCXTCAT GTOGOGATAG CfcAAAAGACT TG00GCRAGA GGGAIAAAAG 5160 

TGAAAOOGGG CACAAIAAIA AGCTATATOG TTCTCAAAGG GAGOGGAAAG AXAAGOGAIA 5220 

GGGEAATTIT ACTEACAGAA TAOGAIPOCTA GAAAACACAA GTAOGATOOG GACTACTACA 5280 

TAGAAAAOCA AOTTTTOOOG GGAGTACTEA GGAIACTOGA AGOCTITGGA TACAGAAAGG 5340 

AGGKEOTAAG GBVTCAAAGC TCAAAACAAA OOGGCTTAGA TGCMX3GCTC MGAGGTAGC 5400 

TCTOTIX3CTT TTTAGTOCAA OTXTCT00GC GAGTCTCTCT ATCTCTCTIT TGTATTCTQC 5460 

TODGTOGTIT TCA3TCACT3V TEAAGEACTC OG0CAAAG0C ATAAOGCTTC CAAHOCAAA 5520 

CTTGAGCTCT TItt»OTCTC TOQOCTCAAA TTCRCTOCaX OTHTTOGAT OCTOQCTTCT 5580 

OOCJlCl'lUlX a CIMGOCTCT OGAATCnTT TCTTGGOGAA. GAGTGTACAG CTA3X3ATGAT 5640 

TA1CTCTTOC TCTGGAAAOG C3VTCTTIAAA OOTCTGAAIT TCftTCTAGAG ACXHCACTOC 5700 

GTOGATTM3V ACTGOCTTGT ACTTCTTEAG TACTTCTTTT AOCTTTGGGA TOGTTAATTT 5760 

TG0CAOGGCA T3X3TOOOCAA GCT0CTO0CT AAGCTGAATG CTCACACTCT TXZNEAGCTK 5820 

GGGACTTCTT GGGATOC 5837 
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Description 

FIELD OF THE INVENTION 

5 The present invention relates to an extremely thermostable enzyme. More specifically, it relates to a thermostable 

DN A polymerase obtainable from Thermococcus litoralis . 

BACKGROUND OF THE INVENTION 

10 DNA polymerases are a family of enzymes involved in DNA repair and replication. Extensive research has been 

conducted on the isolation of DNA polymerases from mesophilic microorganisms such as E. coli. See , for example, 
Bessman, et al., J. Biol. Chem . (1957) 233:171-177 and Buttin and Kornberg J. Biol. Chem. (1966) 241:5419-5427. 

Examples of DNA polymerases isolated from E. coli include E. coli DNA polymerase I, Klenow fragment of E. coli 
DNA polymerase I and T4 DNA polymerase. These enzymes have a variety of uses in recombinant DNA technology 

is including, for example, labelling of DNA by nick translation, second-strand cDNA synthesis in cDNA cloning, and DNA 
sequencing. See Maniatis, et al., Molecular Cloning: A Laboratory Manual (1 982). 

Recently, U.S. Patent Nos. 4,683,195, 4,683,202 and 4,800,159 disclosed the use of the above enzymes in a process 
for amplifying, detecting, and/or cloning nucleic acid sequences. This process, commonly referred to as polymerase 
chain reaction (PCR), involves the use of a polymerase, primers and nucleotide triphosphates to amplify existing nucleic 
20 acid sequences. 

The DNA polymerases discussed above possess a 3' -5' exonuclease activity which provides a proofreading func- 
tion that gives DNA replication much higher fidelity than it would have if synthesis were the result of only a one base- 
pairing selection step. Brutlag, D. and Kornberg, A., J. Biol. Chem. , (1972) 247:241-248. DNA polymerases with 3' -5' 
proofreading exonuclease activity have a substantially lower base incorporation error rate when compared with a non- 
25 proofreading exonuclease-possessing polymerase. Chang, L.M.S., J. Biol. Chem. , (1977) 252:1873-1880. 

Research has also been conducted on the isolation and purification of DNA polymerases from thermophiles, such 
as Thermus aquaticus . Chien, A., et al. J. Bacteriol . (1976) 127:1550-1557, discloses the isolation and purification of 
a DNA polymerase with a temperature optimum of 80°C from T. aquaticus YT1 strain. The Chien, et al., purification 
procedure involves a four-step process. These steps involve preparation of crude extract, DEAE-Sephadex chroma- 
30 tography, phosphocellulose chromatography, and chromatography on DNA cellulose. Kaledin, et al., Biokhymiyay 
(1980) 45:644-651 also discloses the isolation and purification of a DNA polymerase from cells of T. aquaticus YT1 
strain. The Kaledin, et al. purification procedure involves a six-step process. These steps involve isolation of crude 
extract, ammonium sulfate precipitation, DEAE-cellulose chromatography, fractionation on hydroxyapatite, fractiona- 
tion on DEAE-cellulose, and chromatography on single-strand DNA-cellulose. 
35 United States Patent No. 4,889,818 discloses a purified thermostable -DNA polymerase from T. aquaticus , Taq 

polymerase, having a molecular weight of about 86,000 to 90,000 daltons prepared by a process substantially identical 
to the process of Kaledin with the addition of the substitution of a phosphocellulose chromatography step in lieu of 
chromatography on single-strand DNA-cellulose. In addition, European Patent Application 0258017 discloses Taq 
polymerase as the preferred enzyme for use in the PCR process discussed above. 
40 Research has indicated that while the Taq DNA polymerase has a 5'-3* polymerase-dependent exonuclease func- 

tion, the Taq DNA polymerase does not possess a 3'-5' proofreading exonuclease function. Lawyer, F.C., et al. J. Biol. 
Chem. , (1989) 264:11, p. 6427-6437. Bemad, A., et al. Cell (1989) 59:219. As a result, Taq DNA polymerase is prone 
to base incorporation errors, making its use in certain applications undesirable. For example, attempting to clone an 
amplified gene is problematic since any one copy of the gene may contain an error due to a random misincorporation 
45 event. Depending on where in the replication cycle that error occurs (e.g., in an early replication cycle), the entire DNA 
amplified could contain the erroneously incorporated base, thus, giving rise to a mutated gene product. Furthermore, 
research has indicated that Taq DNA polymerase has a thermal stability of not more than several minutes at 100°C. 

Accordingly, there is a desire in the art to obtain and produce a purified, highly thermostable DNA polymerase with 
3'-5' proofreading exonuclease activity, that may be used to improve the DNA polymerase processes described above. 

so 

SUMMARY OF THE INVENTION 

In accordance with the present invention, there is provided a thermostable enzyme obtainable fromT litoralis 
which catalyzes the polymerization of DNA. The thermostable enzyme obtainable f rom T. litoralis is a DNA polymerase 
55 which has an apparent molecular weight of about 90,000-95,000 daltons, a half-life of about 60 minutes at 1 00°C in 
the absence of a stabilizer, and a half-life of about 95 minutes at 1 00°C in the presence of a stabilizer such as octoxynol 
(TRITON X-100) or bovine serum albumin. 

The DNA encoding the 90,000-95,000 daltons thermostable DNA polymerase obtainable from T. litoralis has been 
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isolated and provides another means to obtain the thermostable enzyme of the present invention. 

The T. litoralis DNA polymerase possesses 3' -5* proofreading exonuclease activity. This is the first instance of an 
extreme thermophilic polymerase possessing this proofreading activity. As a result, T. litoralis DNA polymerase has a 
much higher fidelity than a thermostable polymerase with no 3'-5' proofreading exonuclease function, such as Taq 
5 polymerase. In addition, the T. litoralis DNA polymerase has a substantially greater thermal stability or half life at 
temperatures from 96°C to 100°C than the Taq polymerase. Finally, when used in DNA replication such as the above- 
described PCR reaction, the T. litoralis DNA polymerase is superior to Taq polymerase at amplifying smaller amounts 
of target DNA in fewer cycle numbers. 

io BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 A - is a photograph of the SDS-polyacrylamide gel.of example 1 . 

FIG. 1B - is a graph showing the polymerase activity and exonuclease activity of the proteins eluted 

is from lane 2 of the gel in Fig. 1 A. 

FIG. 2 - is a restriction site map of the Xba fragment containing the gene encoding the T. litoralis DNA 

Polymerase which is entirely contained within the BamHI fragment of bacteriophage NEB 61 9. 

20 FIG. 3- is a graph showing the half-life of the T. litoralis DNA polymerase and the Taq DNA polymerase 

at 100°C. 

FIG. 4 - is a graph showing the response of T. litoralis DNA polymerase and Klenow fragment to the 

presence or absence of deoxynucleotides. 

25 

FIG. 5 - is a restriction site map showing the organization of the T. litoralis DNA polymerase gene in 

native DNA (BamHI fragment of NEB 619) and in E. colt NEB671 and NEB687. 

FIG. 6 - is a partial nucleotide sequence of the 14 kb BamHI restriction fragment of bacteriophage 

30 NEB619 inclusive of the 1 .3 kb, 1 .6 kb and 1 .9 kb Eco Rl fragments and part of the Eco Rl/ 

BamHI fragment. 

FIG, 7 - is a comparison of the amino acids in the DNA polymerase consensus homology region III 

with the amino acids of theT. litoralis homology island III. 

35 

FIG. 8 - are representations of the vectors 

FIG. 9 & FIG. 10 - pPR969 and pCAS4 and V174-1B1, respectively. 

40 FIG. 1 1 - is a graph illustrating the T. litoralis DNA polymerase variant constructed in Example VI lacks 

detectable 3'to 5' exonuclease activity. 

FIG. 12 - is a nucleotide sequence of the primers used in Example III. 

45 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The preferred thermostable enzyme herein is a DNA polymerase obtainable from T. litoralis strain NS-C (DSM 
No. 5473). T. litoralis was isolated from a submarine thermal vent near Naples, Italy in 1 985. This organism, T. litoralis , 
is an extremely thermophilic, sulfur metabolizing, archaebacteria, with a growth range between 55*C and 98°C. Neuner, 
so et al., Arch. Microbiol. (1990) 153:205-207. 

For recovering the native protein, T. litoralis may be grown using any suitable technique, such as the technique 
described by Belkin, et al., Arch. Microbiol. (1985) 142:181-186, the disclosure of which is incorporated by reference. 

After cell growth, one preferred method for isolation and purification of the enzyme is accomplished using the multi- 
step process as follows. 

S5 First, the celts, if frozen, are thawed, suspended in a suitable buffer such as buffer A (10 mM KP04 buffer, pH 7.4; 

1 .0 mM EDTA, 1 .0 mM beta-mercaptoethanol), sonicated and centrif uged. The supernatant is then passed through a 
column which has a high affinity for proteins that bind to nucleic acids such as Affigel blue column (Biorad). The nucleic 
acids present in supernatant solution of T. litoralis and many of the proteins pass through the column and are thereby 
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removed by washing the column with several column volumes of low salt buffer at pH of about 7.0. After washing, the 
enzyme is eluted with a linear gradient such as 0.1 to 2.0 M NaCI buffer A. The peak DNA polymerase activity is 
dialyzed and applied to phosphocellulose column. The column is washed and the enzyme activity eluted with a linear 
gradient such as 0.1 to 1.0 M NaCI in buffer A. The peak DNA polymerase activity is dialyzed and applied to a DNA 

s cellulose column. The column is washed and DNA polymerase activity is eluted with a linear gradient of 0.1 to 1 .0 M 
NaCI in buffer A. The fractions containing DNA polymerase activity are pooled, dialyzed against buffer A, and applied 
to a high performance liquid chromatography column (HPLC) mono-Q column (anion exchanger). The enzyme is again 
eluted with a linear gradient such as 0.05 to 1.0 M NaCI in a buffer A. The fractions having thermostable polymerase 
activity are pooled, diluted and applied to HPLC mono-S column (cation exchanger). The enzyme is again eluted with 

io a linear gradient such as 0.05 to 1.0 M NaCI in buffer A. The enzyme is about 50% pure at this stage. The enzyme 
may further be purified by precipitation of a contaminating lower molecular weight protein by repeated dialysis against 
buffer A supplemented with 50 mM NaCI. 

The apparent molecular weight of the DNA polymerase obtainable from T. litoralis is between about 90,000 to 
95,000 daltons when compared with protein standards of known molecular weight, such as phosphorylase B assigned 

is a molecular weight of 97,400 daltons. It should be understood, however, that as a protein from an extreme thermophile, 
T. litoralis DNA polymerase may electrophorese at an aberrant relative molecular weight due to failure to completely 
denature or other instrinsic properties. The exact molecular weight of the thermostable enzyme of the present invention 
may be determined from the coding sequence of the T. litoralis DNA polymerase gene. The molecular weight of the 
eluted product may be determined by any technique, for example, by SDS-polyacrylamide gel electrophoresis (SDS- 

20 PAGE) using protein molecular weight markers. 

Polymerase activity is preferably measured by the incorporation of radioactively labeled deoxynucleotides into 
DNAse-treated, or activated, DNA; following subsequent separation of the unincorporated deoxynucleotides from the 
DNA substrate, polymerase activity is proportional to the amount of radioactivity in the acid-insoluble fraction comprising 
the DNA. Lehman, I . R. , et al. , J. Biol. Chem. (1 958) 233: 1 63, the disclosure of which is incorporated herein by reference. 

25 The half-life of the DNA polymerase of the present invention at 100°C is about 60 minutes. The thermal stability 

or half-life of the DNA polymerase is determined by preincubating the enzyme at the temperature of interest in the 
presence of all assay components (buffer, MgCI 2 , deoxynucleotides, and activated DNA) except the single radioac- 
tivety-labeled deoxynucleotide. At predetermined time intervals, ranging from 4-180 minutes, small aliquots are re- 
moved, and assayed for polymerase activity using the method described above. 

30 The half-life at 100 B C of the DNA polymerase can also be determined in the presence of stabilizers such as the 

nonionic detergent octoxynol, commonly known as TRITON X-100 (Rohm & Haas Co.), or the protein bovine serum 
albumin (BSA). The non-ionic detergents polyoxyethylated (20) sorbitan monolaurate (Tween 20, ICI Americas Inc.) 
and ethoxylated alkyl Phenol (nonyl) (ICONOL NP-40, BASF Wyandotte Corp.) can also be used. Stabilizers are used 
to prevent the small amount of enzyme added to the reaction mixture from adhering to the sides of the tube or from 

35 changing its structural conformation in some manner that decreases its enzymatic activity. The half -life at 1 00°C of the 
DNA polymerase obtainable f rom T. litoralis in the presence of the stabilizer TRITON X-1 00 or BSA is about 95 minutes. 

The thermostable enzyme of this invention may also be produced by recombinant DNA techniques, as the gene 
encoding this enzyme has been cloned from T. litoralis genomic DNA. The complete coding sequence for the T. litoralis 
DNA polymerase can be derived from bacteriophage NEB 61 9 on an approximately 14 kb BamHI restriction fragment. 

40 This phage was deposited with the American Type Culture Collection (ATCC) on April 24, 1990 and has Accession 
No. ATCC 40795. 

The production of a recombinant form of T. litoralis DNA polymerase generally includes the following steps: DNA 
is isolated which encodes the active form of the polymerase, either in its native form or as a fusion with other sequences 
which may or may not be cleaved away from the native form of the polymerase and which may or may not effect 

45 polymerase activity. Next, the gene is operably linked to appropriate control sequences for expression in either prokary- 
otic or eukaryotic host/vector systems. The vector preferably encodes all functions required for transformation and 
maintenance in a suitable host, and may encode selectable markers and/or control sequences for T. litoralis polymerase 
expression. Active recombinant thermostable polymerase can be produced by transformed host cultures either con- 
tinuously or after induction of expression. Active thermostable polymerase can be recovered either from within host 

so cells or from the culture media if the protein is secreted through the cell membrane. 

While each of the above steps can be accomplished in a number of ways, it has been found in accordance with 
the present invention that for cloning the DNA encoding T. litoralis DNA polymerase, expression of the polymerase 
from its own control sequences in E. coli results in instability of the polymerase gene, high frequency of mutation in 
the polymerase gene, slow cell growth, and some degree of cell mortality. 

55 while not wishing to be bound by theory, it is believed that this instability is due at least in part to the presence of 

an intron that splits the T. litoralis DNA polymerase gene. Introns are stretches of intervening DNA which separate 
coding regions of a gene (the protein coding regions are called exons). Introns can contain nonsense sequences or 
can code for proteins. In order to make a functional protein, the intron must be spliced out of the pre-mRNA before 
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translation of the mature mRNA into protein. Introns were originally identified in eukaryotes, but have been recently 
described in certain prokaryotes. See, Krainer and Maniatis (Transcription and Splicing (1988) B.D. Hames and D.M. 
Glover, eds. IRL Press, Oxford and Washington, D.C. pp. 131-206). When a gene with an intron is transcribed into 
mRNA the intron may self -splice out to form a mature mRNA or cellular factors may be required to remove the intron 

5 from the pre-mRNA. Jd. Bacterial introns often require genus specific co-factors for splicing. For example, a Bacillus 
intron may not be spliced out in E. coli. jd. 

However, there is some evidence that suggests that the intervening DNA sequence within the gene coding for the 
T. litoralis DNA polymerase is transcribed and translated, and that the peptide produced therefrom is spliced out at the 
protein level, not the mRNA level. Therefore, regardless of where the splicing event occurs, in accordance with the 

w present invention, in order to express T. litoralis DNA polymerase in E. coli, it is necessary to delete theT. litoralis DNA 
polymerase intervening sequence prior to expression of the polymerase in an E. coli system. Of course, the recombinant 
vector containing the T. litoralis DNA polymerase gene could be expressed in systems which possess the appropriate 
factors for splicing the intron, for example, a Thermococcus system. It is also believed that theX litoralis gene may 
be expressed in a mammalian expression system which has the appropriate factors to splice such an intron. 

is It is also preferable that T. litoralis thermostable polymerase expression be tightly controlled in E. coli during cloning 

and expression. Vectors useful in practicing the present invention should provide varying degrees of controlled expres- 
sion of T. litoralis polymerase by providing some or all of the following control features: (1 ) promoters or sites of initiation 
of transcription, either directly adjacent to the start of the polymerase or as fusion proteins, (2) operators which could 
be used to turn gene expression on or off, (3) ribosome binding sites for improved translation, and (4) transcription or 

20 translation termination sites for improved stability. Appropriate vectors used in cloning and expression of T. litoralis 
polymerase include, for example, phage and plasmids. Example of phage include lambda gtll (Promega), lambda Dash 
(Stratagene) lambda Zapll (Stratagene). Examples of plasmids include pBR322, pBluescript (Stratagene), pSP73 
(Promega), pGW7 (ATCC No. 40166), pET3A (Rosenberg, et al., Gene, (1987) 56:125-135), and pET11C (Methods 
in Enzymology (1990) 185:60-89). 

25 

Transformation and Infection 

Standard protocols exist for transformation, phage infection and cell culture. Maniatis, et al.. Molecular Cloning: A 
Laboratory Manual (1 982). Of the numerous E. coli strains which can be used for plasmid transformation, the preferred 

30 strains include JM101 (ATCC No. 33876), XL1 (Stratagene), and RRI (ATCC No. 31343), and BL21(DE3) plysS (Meth- 
ods in Enzymology (1990) supra ). E. coli strain XL1, ER1578 and ER1458 (Raleigh, etal., N.A. Research (1988) 16: 
1 563-1 575) are among the strains that can be used for lambda phage, and Y1 089 can be used for lambda gtll lysogeny 
When preparing transient lysogens in Y1089 (Arasu, et al.. Experimental Parasitology (1987) 64:281-289), a culture 
is infected with lambda gtll recombinant phage either by a single large dose of phage or by co-culturing with a lytic 

35 host. The infected Y1089 cells are preferably grown at 37°C in the presence of the inducer IPTG resulting in buildup 
of recombinant protein within the lysis-defective host/phage system. 

Construction of Genomic DNA Expression Library and Screening for Thermostable Polymerase 

40 The most common methods of screening for a gene of choice are (1 ) by hybridization to homologous genes from 

other organisms, (2) selection of activity by complementation of a host defect, (3) reactivity with specific antibodies, or 
(4) screening for enzyme activity. Antibody detection is preferred since it initially only requires expression of a portion 
of the enzyme, not the complete active enzyme. The instability of the T. litoralis polymerase gene in E. colt would have 
made success by other methods more difficult. 

45 J. litoralis DNA can be used to construct genomic libraries as either random fragments or restriction enzyme 

fragments. The latter approach is preferred. Preferably, Eco Rl partials are prepared from T. litoralis genomic DNA 
using standard DNA restriction techniques such as described in Maniatis, et al.. Molecular Cloning: A Laboratory Man- 
ual (1 982), the disclosure of which is incorporated herein by reference. Other restriction enzymes such as BamHI, Nrul 
and Xbal can also be used. 

so Although methods are available to screen both plasmids and phage using antibodies (Young and Davis, PNAS, 

(1983) 80:1194-1198), in accordance with the present invention it has been found that phage systems tend to work 
better and are therefore preferred for the first libraries. Since it is uncertain whether T. litoralis control regions function 
in E. coli, phage vectors which supply all necessary expression control regions such as lambda gt11 and lambda Zap 
II, are preferred. By cloning T. litoralis DNA into the Eco Rl site of lambda gtll , T. litoralis polymerase may be expressed 
55 either as a fusion protein with beta-galactostdase or from its own endogenous promoter. 

Once formed, the expression libraries are screened with mouse anti-X litoralis DNA polymerase antiserum using 
standard antibody plaque hybridization procedures such as those described by Young and Davis, PNAS (1983), supra . 
The mouse anti-T. litoralis DNA polymerase antiserum used to screen the expression libraries can be prepared 
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using standard techniques, such as the techniques described in Harlow and Cane, Antibodies: A Laboratory Manual 
(1988) CSH Press, the disclosure of which is incorporated herein by reference. Since most sera react with E. coli 
proteins, it is preferable that the T. litoralis polymerase antisera be preabsorbed by standard methods against E. coli 
proteins to reduce background reactivity when screening expression libraries. Phage reacting with anti-T. litoralis 
s polymerase antiserum are picked and plaque purified. Young and Davis, PNAS (1 983), supra . 

The T. litoralis DNA polymerase DNA, coding for part of the whole gene, can then be subcloned in, for example, 
pBR322, pBluescript, M13 or pUC19. If desired, the DNA sequence can be determined by, for example, the Sanger 
dideoxy chain-terminating method (Sanger, F., Nicklen, S. & Coulson, A.R. PNAS (1977) 74:5463-5467). 

10 Identification of DNA Encoding and Expression of the T. litoralis DNA Polymerase. 

Several methods exist for determining that the DNA sequence coding for the T. litoralis DNA polymerase has been 
obtained. These include, for example, comparing the ami no-terminal sequence of the protein produced by the recom- 
binant DNA to the native protein, or determining whether the recombinant DNA produces a protein which binds antibody 

is specific for native T. litoralis DNA polymerase. In addition, research by Wang, et al., FASEB Journal (1 989) 3:20 sug- 
gests that certain regions of DNA polymerase sequences are highly conserved among many species. As a result, by 
comparing the predicted amino acid sequence of the cloned gene with the amino acid sequence of known DNA polymer- 
ases, such as human DNA polymerase and E. coli phage T4 DNA polymerase, the identification of these islands of 
homology provides strong evidence that the recombinant DNA indeed encodes a DNA polymerase. 

20 Once identified, the DNA sequence coding for the T. litoralis DNA polymerase, can be cloned into an appropriate 

expression vector such as a plasmid derived from E. coli, for example, pET3A, pBluescript or pUC19, the plasmids 
derived from the Bacillus subtilis such as pUB110, pTPSand pC194, plasmids derived from yeast such as pSH19 and 
pSH15, bacteriophage such as lambda phage, bacteria such as Agrobacterium tumefaciens , animal viruses such as 
retroviruses and insect viruses such as Baculovirus. 

25 As noted above, in accordance with the present invention, it has been found that DNA coding for T. litoralis DNA 

polymerase contains an 1614 bp intron or intervening sequence, spanning from nucleotides 1776 to 3389 in Figure 
No. 6. Therefore, prior to overexpression in host cells such as E. coli, it is preferable to delete the DNA sequence 
coding for the intron. There are a number of approaches known in the art which can be used to delete DNA sequences 
and therefore splice out an intron in -vitro . One method involves identifying unique restriction enzyme sites in the coding 

30 region which are near the splice junction or area to be deleted. A duplex oligomer is synthesized to bridge the gap 
between the 2 restriction fragments. A 3-part ligation consisting of the amino end restriction fragment, the bridging 
oligo and the carboxy end restriction fragment yields an intact gene with the intron deleted. 

Another method is a modification of the above-described method. The majority of the intron is deleted by cutting 
with restriction enzymes with unique site within the intron, but close to the coding sequence border. The linear plasmid 

35 containing a deletion of the majority of the intron is ligated together. Single strand phage are generated from the pB- 
luescript vector recombinant by superinfection with the f1 helper phage IR1. A single strand oligomer is synthesized 
with the desired final sequence and is annealed to the partially deleted intron phage DNA. The remainder of the intron 
is thus looped out. By producing the original phage in E. coli strain CJ236 the Kunkel method of mutagenesis (Methods 
in Enzvmology 154:367 (1 987)) can be used to select for the full deleted intron contructs. 

40 Yet another method which can be used to delete the intron uses DNA amplification. See, for example, Maniatis, 

et al., Molecular Cloning: A Laboratory Manual , (1989) Vol. 2, 2nd edition, the disclosure of which is herein incorporated 
by reference. Briefly, primers are generated to amplify and subsequently join the amino and carboxyl halves of the gene. 

When an intron is deleted in -vitro , using the methods discussed above, the native splice junction may be unknown. 
Accordingly, one skilled in the art would predict that several possible artificial splice junctions exist that would result in 

45 the production of an active enzyme. 

Once the intron is deleted, overexpression of the T. litoralis DNA polymerase can be achieved, for example, by 
separating the T. litoralis DNA polymerase gene from its endogenous control elements and then operably linking the 
polymerase gene to a very tightly controlled promoter such as a T7 expression vector. See , Rosenberg, et al., Gene 
(1987) 56:125-135, which is hereby incorporated by reference. Insertion of the strong promoter may be accomplished 

so by identifying convenient restriction targets near both ends of the T. litoralis DNA polymerase gene and compatible 
restriction targets on the vector near the promoter, or generating restriction targets using site directed mutagenesis 
(Kunkel (1 984), supra ), and transferring the T. litoralis DNA polymerase gene into the vector in such an orientation as 
to be under transcriptional and translational control of the strong promoter. 

T. litoralis DNA polymerase may also be overexpressed by utilizing a strong ribosome binding site placed upstream 

55 of the T. litoralis DNA polymerase gene to increase expression of the gene. See, Shine and Dalgarno, Proc. Natl. Acad. 
Sci. USA (1974) 71 :1 342-1 346, which is hereby incorporated by reference. 

The recombinant vector is introduced into the appropriate host using standard techniques for transformation and 
phage infection. For example, the calcium chloride method, as described by Cohen, S.N., PNAS (1972) 69:2110 is 
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used for E. coli, the disclosure of which is incorporated by reference. The transformation of Bacillus is carried out 
according to the method of Chang, S„ et al.. Molecular and General Genetics (1 979) 168:111, the disclosure of which 
is incorporated by reference. Transformation of yeast is carried out according to the method of Parent, et al., Yeast 
(1985) 1:83-138, the disclosure of which is incorporated by reference. Certain plant cells can be transformed with 

s Agrobacterium tumefaciens , according to the method described by Shaw, C.H., et al., Gene (1 983) 23:31 5, the disclo- 
sure of which is incorporated by reference. Transformation of animal cells is carried out according to, for example, the 
method described in Virology (1973) 52:456, the disclosure of which is incorporated by reference. Transformation of 
insect cells with Baculovirus is carried out according to, for example, the method described in Biotechnology (1988) 
6:47, the disclosure of which is incorporated herein by reference. 

io The transformants are cultivated, depending on the host cell used, using standard techniques appropriate to such 
cells. For example, for cultivating E. cpji, cells are grown in LB media (Maniatis, supra ) at 30°C to 42°C to mid log or 
stationary phase. 

The T. litoralis DNA polymerase can be isolated and purified from a culture of transformed host cells, for example, 
by either extraction from cultured ceils or the culture solution. 
is When the T. litoralis DNA polymerase is to be extracted from a cultured cell, the cells are collected after cultivation 

by methods known in the art, for example, centrifugation. Then, the collected cells are suspended in an appropriate 
buffer solution and disrupted by ultrasonic treatment, lysozyme and/or freeze-thawing. A crude extract containing the 
I- litoralis DNA polymerase is obtained by centrifugation and/or filtration. 

When the T. litoralis DNA polymerase is secreted into the culture solution, i.e., alone or as a fusion protein with a 
20 secreted protein such as maltose binding protein, the supernatant is separated from the cells by methods known in 
the art. 

The separation and purification of the T. litoralis DNA polymerase contained in the culture supernatant or the cell 
extract can be performed by the method described above, or by appropriate combinations of known separating and 
purifying methods. These methods include, for example, methods utilizing solubility such as salt precipitation and 

25 solvent precipitation, methods utilizing the difference in molecular weight such as dialysis, ultra-filtration, gel -filtration, 
and SDS-polyacrylamide gel electrophoresis, methods utilizing a difference in electric charge such as ion-exchange 
column chromatography, methods utilizing specific affinity such as affinity chromatography, methods utilizing a differ- 
ence in hydrophobicity such as reverse-phase high performance liquid chromatography and methods utilizing a differ- 
ence in isoelectric point such as isoelectric focusing electrophoresis. 

30 One preferred method for isolating and purification of the recombinant enzyme is accomplished using the multi- 

stage process as follows. 

First, the cells, if frozen are thawed, suspended in a suitable buffer such as Buffer A (100 mM NaCI, 25 mM Tris 
pH 7.5, 0.1 mM EDTA, 10% glycerol, 0.05% Triton X-100), lysed and centrifuged. The clarified crude extract is then 
heated to 75°C for approximately 30 minutes. The denatured proteins are removed by centrifugation. The supernatant 

35 js then passed through a column that has high affinity for proteins that bind to nucleic acids such as Affigel Blue column 
(Biorad). The nucleic acids present in the supernatant solution and many of proteins pass through the column and are 
thereby removed by washing the column with several column volumes with low-salt buffer at pH of about 7.0. After 
washing, the enzyme is eluted with a linear gradient such as 0.1 M to 1.5 M NaCI Buffer A. The active fractions are 
pooled, dialyzed and applied to a phosphocellulose column. The column is washed and DNA polymerase activity eluted 

40 with a linear gradient of 0.1 to 1.0 M NaCI in Buffer B (100 M NaCI, 15 mM KP0 4 , 0.1 mM EDTA, 10% glycerol, 0.05% 
Triton X-100, pH 6.8). The fractions are collected and BSA is added to each fraction. The fractions with DNA polyer- 
merase activity are pooled. The T. litoralis DNA polymerase obtained may be further purified using the standard product 
purification techniques discussed above. 

45 Stabilization and Use of the T litoralis DNA Polymerase. 

For long-term storage, the thermostable enzyme of the present invention is stored in the following buffer: 0.05 M 
NaCI, 0.01 M KP0 4 (pH 7.4), 0.1 mM EDTA and 50% glycerol at -20°C. 

The T. litoralis DNA polymerase of the present invention may be used for any purpose in which such an enzyme 
so is necessary or desirable. For example, in recombinant DNA technology including, second-strand cDNA synthesis in 
cDNA cloning, and DNA sequencing. See Maniatis, et al., supra . 

The T. litoralis DNA polymerase of the present invention may be modified chemically or genetically to inactivate 
the 3'-5' exonuclease function and used for any purpose in which such a modified enzyme is desirable, e.g., DNA 
sequencing. 

55 For example, genetically modified T. litoralis DNA polymerase may be isolated by randomly mutagenizing the T. 

litoralis DNA polymerase gene and then screening for those mutants that have lost exonuclease activity, without loss 
of polymerase activity. Alternatively, genetically modified T. litoralis DNA polymerase is preferably isolated using the 
site<Jirected mutagenesis technique described in Kunkel, T.A., PNAS (1985) 82:488-492, the disclosure of which is 
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herein incorporated by reference. 

In addition, the T. litoralis DNA polymerase of the present invention may also be used to amplify DNA, e.g., by the 
procedure disclosed in U.S. Patent Nos. 4,683,195, 4,683,202 and 4,800,159. 

The following examples are given to illustrate embodiments of the present invention as it is presently preferred to 
s practice. It will be understood that the examples are illustrative, and that the invention is not to be considered as 
restricted except as indicated in the appended claims. 



10 PURIFICATION OF A THERMOSTABLE DNA POLYMERASE FROM THERMOCOCCUS LITORALIS 

Thermococcus litoralis strain NS-C (DSM No. 5473) was grown in the media described by Belkin, et al. supra , 



containing 10 g/l of elemental sulfur in a 100 titer fermentor at its maximal sustainable temperature of approximately 
80° C for two days. The cells were cooled to room temperature, separated from unused sulfur by decanting and collected 

is by centrifugation and stored at -70°C. The yield of cells was 0.8 g per liter. 

183 g of cells obtained as described above, were suspended in 550 ml of buffer A (10 mM KP0 4 buffer, pH 7.4; 
1 .0 mM EDTA, 1 .0 mM beta-mercaptoethanol) containing 0.1 M NaCI and sonicated for 5 minutes at 4°C. The lysate 
was centrifuged at 1 5,000 g for 30 minutes at 4°C. The supernatant solution was passed through a 470 ml Affigel blue 
column (Biorad). The column was then washed with 1 000 ml of buffer A containing 0. 1 M NaCI. The column was eluted 

20 with a 2000 ml linear gradient from 0.1 to 2.0 M NaCI in buffer A. The DNA polymerase eluted as a single peak at 
approximately 1 .3 M NaCI and represented 80% of the activity applied. The peak activity of DNA polymerase (435 ml) 
was dialyzed against 4 liters of buffer A, and then applied to 80 ml Phosphoceltulose column, equilibrated with buffer 
A containing 0.1 M NaCI. The column was washed with 160 ml of buffer A containing 0.1 M NaCI, and the enzyme 
activity was eluted with 1000 ml linear gradient of 0.1 to 1 .0 M NaCI in buffer A. The activity eluted as a single peak at 

25 0.6 M NaCI and represented 74% of the activity applied. The pooled activity (1.50 ml) was dialyzed against 900 ml of 
buffer A and applied to a 42 ml DNA-cellulose column. The column was washed with 84 ml of buffer A containing 0.1 
M NaCI, and the enzyme activity eluted with a linear gradient of buffer A from 0.1 to 1 .0 M NaCI. The DNA polymerase 
activity eluted as a single peak at 0.3 M NaCI, and represented 80% of the activity applied. The activity was pooled 
(93 ml). The pooled fractions were dialyzed against 2 liters of buffer A containing 0.05 M NaCI and then applied to a 

30 1.0 ml HPLC mono-Q column (Pharmacia). The DNA polymerase activity was eluted with a 100 ml linear gradient of 
0.05 M to 1 .0 M NaCI in buffer A. The DNA polymerase activity eluted as a single peak at 0. 1 M NaCI and represented 
16% of the activity applied. The pooled fractions (3.0 ml) were diluted to 6 ml with buffer A and applied to an 1 .0 ml 
HPLC mono-S column (Pharmacia) and eluted with a 100 ml linear gradient in buffer A from 0.05 to 1.0 M NaCI. The 
activity eluted as a single peak at 0.19 M NaCI and represented 75% of the activity applied. 

35 By SDS-polyacrylamide gel electrophoresis (SDS-PAGE) and subsequent staining of the proteins using a colloidal 

stain (ISS Problue) more sensitive than Coomassie Blue (Neuhoff, et al., Electrophoresis (1988) 9:255-262), it was 
determined that the DNA polymerase preparation was approximately 50% pure: two major bands were present, one 
at 90,000 to 95,000 daltons and a doublet at 1 8,000 daltons. Figure No. 1 A. A very minor band was evident at approx- 
imately 80,000 to 85,000 daltons. At this level of purification the polymerase had a specific activity of between 30,000 

40 and 50,000 units of polymerase activity per mg of polymerase protein. On a separate SDS-polyacrylamide gel verifi- 
cation of the identity of the stained band at 90,000 to 95,000 daltons was obtained by cutting the gel lane containing 
the purified T. litoralis polymerase into 1 8 slices. Embedded proteins were eluted from the gel by crushing the gel slices 
in a buffer containing 0.1% SDS and 100 |ig/ml BSA. The eluted proteins were denatured by exposure to guanidine 
HCI, then renatured via dilution of the denaturant as described by Hager and Burgess Analytical Biochemistry (1980) 

45 109:76-86. Polymerase activity as measured by incorporation of radioactivity labeled 32 P-dCTP into acid-insoluble 
DNA (as previously described) and assayed for exonuclease activity (as measured by the release of 3 H-labelled DNA 
to an acid soluble form as described in Example V). As shown in Figure No. 1B, only the 90,000 to 95,000 daltons 
band alone showed either significant polymerase activity or exonuclease activity. 



The DNA polymerase preparation was dialyzed against buffer A containing 0.05 M NaCI. As was determined by 



so SDS-PAGE, much of the 18,000 dalton protein precipitated out of the solution. The yield of T. litoralis DNA polymerase 
was determined to be 0.5 mg by quantitative protein analysis, and this represented 6.5% of the total activity present 
in the starting crude extract. 

Purified T. litoralis polymerase was electrophoresed and stained with either Coomassie Blue or the colloidal stain 
(ISS Problue) previously described to detect protein. One deeply staining protein band was seen at about 90,000 to 
55 95,000 daltons; this molecular weight determination was obtained by comparison on the same gel to the migration of 
the following marker proteins (Bethesda Research Laboratories): myosin, 200,000 daltons; phosphorylase B, 97,400 
daltons; BSA, 68,000 daltons; ovalbumin, 43,000 daltons, carbonic anhydrase 29,000 daltons; b-lactoglobulin, 1 8,400 
daltons; lysoyzme 14,300 daltons. 



EXAMPLE I 
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EXAMPLE II 

CLONING OF T. LITORALiS DNA POLYMERASE GENE 
s A. PRODUCTION OF MOUSE ANTI-I. t ITORAI IS DNA POLYMERASE ANTISERUM 
Immunization of Mice 

A 3 ml solution containing 0.4 mg of polymerase protein (obtained by the method of Example I) was concentrated 
10 at 4°C to approximately 0.3 ml and used to inoculate two mice. The purified T. iitoralis polymerase preparation consisted 
of four bands of approximately 85-95, 75-85, and a doublet of 10-25 kDal on Coomassie blue stained SDS-PAGE gels. 
As shown in Example 1, the T. Iitoralis polymerase is approximately 90-95 kDal. Both T. Iitoralis polymerase antisera 
recognize all four proteins present in the immunogen. 

The immunization schedule was as follows: mouse one was immunized intraperitioneally (IP) with 20 u.g of T. 
15 iitoralis polymerase, prepared as above, in Freunds' complete adjuvant (FCA). Seven days later, both mice were im- 
munized IP with 50 jig T. Iitoralis polymerase in FCA. Twenty-seven days later both mice were immunized IP with 30 
u.g T. Iitoralis polymerase for mouse one and 50 u.g T. Iitoralis polymerase for mouse two in Freunds' incomplete 
adjuvant. Mouse one was bled two weeks later and mouse two was bled 20 days later. Sera was prepared from blood 
by standard methods (Harlow and Lane, Antibodies: A Laboratory Manual , 1988). 
20 Anti-T. Iitoralis polymerase antisera was diluted in TBSTT (20 mM Tris pH 7.5, 150 mM NaCI, 0.2% Tween 20, 

and 0.05% Triton-X 100) containing 1% BSA, 0.1% NaAzide, 0.1% PMSF. 

Preabsorption of Anti-T Iitoralis Polymerase Antiserum Against E. coli lysates 

25 since most sera react with E. coli proteins, T. Iitoralis polymerase antisera were preabsorbed, using the following 

method, against E. coli proteins to reduce background reactivity when screening libraries or recombinant antigens. E. 
coli cell paste was thawed and lysed by sonication and soluble protein was bound to Affigel 10 (Biorad) as described 
by the manufacturer. 4 ml of E. coli resin were washed two times in TBS (TBSTT without detergents). 0.35 ml of sera 
was diluted approximately 1 to 5 in TBSTT, 1% BSA, 0.1% NaAzide and mixed with resin overnight at 4°C. The resin 

30 was pelleted by centrifugation and washed. The recovered preabsorbed sera was at a 1 to 1 7 dilution and was stored 
frozen at -20°C until use. 

For screening, preabsorbed sera was diluted as above to a final concentration of 1 :200. 

B. IDENTIFICATION OF A PROBE FOR THE X Iitoralis POLYMERASE GENE 

35 

Construction of a lambda gt11 Expression Library 

A probe for the T. Iitoralis polymerase gene was obtained following immunological screening of a lambda gtll 
expression library. 

40 T. Iitoralis DNA was partially digested as follows: four u.g of T. Iitoralis DNA was digested at 37°C with five units 

of Eco Rl in a 40 uJ reaction using Eco Rl buffer (Eco Rl buffer = 50 mM NaCI, 100 mM Tris pH 7.5, 20 mM MgCI 2 , 10 
mM BME). Three uJ of 100 mM EDTA was added to 15 uJ samples at 30, 45 and 60 minutes. 2 u.g of T. Iitoralis DNA 
was digested for 90 minutes at 37°C with 20 units of Eco Rl in 20 uJ reaction using Eco Rl buffer and the reaction was 
stopped by adding 2 uJ of 1 00 mM EDTA. 0.2 u.g of each digest was electrophoresed on an agarose gel to monitor the 

45 extent of digestion. Approximately 3 u,g of T. Iitoralis DNA Eco Rl partials (14 u,l from the 60-minute digest and 19 u.l 
from the 90-minute digest) were pooled to form the "Eco Rl pool" and heated at 65°C for 15 minutes. 

0.5 u.l of the Eco Rl pool were ligated to 0.28 u,g of Eco Rl cut, bacterial alkaline phosphatase treated lambda gtll 
DN A in a f iveuJ reaction using standard ligation buffer (ligation buffer = 66 mM Tris pH 7. 5, 1 mM ATP, 1 mM spermidine, 
10 mM MgCI2, 15 mM DTT, and 2 mg/ml gelatin) and 0.5 uJ T4 DNA ligase (New England Biolabs No. 202). The ligation 

so was performed at 16°C overnight. 4 uJ of this ligation reaction were packaged using Gigapack Gold (Stratagene) ac- 
cording to the manufacturers instructions. After incubation at room temperature for two hours, the packaged phage 
were diluted in 500 u.l of SM (SM = 100 mM NaCI, 8 mM MgS0 4 , 50 mM Tris pH 7.5, 0.01% gelatin) plus three drops 
chloroform. The packaged Eco Rl library was called sample V6-1 and consisted of 1.1 x 10 s individual phage. E. coli 
strain ER1578 was used for phage infection. 

55 

immunological Screening of Lambda gt11 Expression Library 

The initial phage library was screened (Young, R.A. and R.W. Davis Science , (1983) 222:778-782) with a 1:200 
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dilution of the antiserum produced above. 36 phage (V10-22 through V10-55) which reacted with the anti-T. litoralis 
DNA polymerase antiserum were picked and 16 phage were plaque purified. 

The 16 antibody positive phage were used to lysogenize E. coli K-1 2 strain Y1089. Lysogens were screened for 
thermostable DNA polymerase activity, no activity was detected. 
s Western blots (Towbin, et al., PNAS , (1979) 76:4350-4354) from these 16 lysates were probed with anti-T. litoralis 

polymerase antiserum. All proteins from these lysates wh ich reacted with T. litoralis polymerase antiserum were smaller 
than T. litoralis polymerase, and were also smaller than beta-galactosidase, indicating that none were fusion proteins 
with beta-galactosidase. 

Eight of the 16 antibody positive phage were used to affinity purify epitope-specific antibodies from total antiserum 
10 (Beall and Mitchell, J. Immunological Methods . (1986) 86:217-223). 

The eight affinity purified sera were used to probe Western blots of both purified T. litoralis polymerase and T. 
jitoralis crude lysates. Antibody purified from NEB 61 8 plaques specifically reacted with T. litoralis polymerase in purified 
and T. litoralis crude lysates. This was strong evidence that phage NEB 618 encodes approximately 38 kDal of the 
amino terminus of the T. litoralis polymerase. Bacteriophage NEB618 and deposited under ATCC No. 40794 on 24th 
15 April 1990. 

Characterization of Phage NEB 618 and Subcloning of Eco Rl Inserts 

Western blot analysis indicated that phage NEB 618 synthesized several peptides ranging in size from approxi- 
20 mately 15-40 kDal which bound T. litoralis polymerase antisera. DNA from phage NEB 618 was purified from liquid 
culture by standard procedures (Maniatis, et al., supra .) Digestion of NEB 618 DNA with Eco Rl yielded fragments of 
1 .3 and 1 .7 kb. An Eco Rl digest of NEB 618 DNA was ligated to Eco Rl cut pBluescript DNA. 20 u,g of pBluescriptSK+ 
were digested with 40 units of Eco Rl in 40 u.l Eco Rl buffer at 37°C for three hours, followed by 65° for 15 minutes. 
10 jig of NEB 618 DNA were digested with 40 units of Eco Rl in 40 uJ Eco Rl buffer at 37°C for 75 minutes, followed 
25 by 65°C for 15 minutes. 1.75 ng of Eco Rl cut NEB 618 DNA were ligated to 20 ng Eco Rl cut pBluescriptSK+ with 
one uJ T4 DNA ligase (New England Biolabs No. 202) in 10 uJ ligation buffer. The ligation was performed overnight at 
16°C. JM101 CaCl competent cells (Maniatis, et al., supra) were transformed with 5 |il of the ligation mixture. Of 24 
recombinants examined, all but one contained the 1 .7 kb fragment; clone V27-5.4 contained the 1 .3 kb T. litoralis DNA 
fragment. 

30 Antibodies from T. litoralis polymerase mouse antisera were affinity purified, as described above, on lysates from 

V27-5.4 (encoding the 1.3 kb Eco Rl fragment) and V27-5.7 (encoding the 1 .7 kb Eco Rl fragment in pBluescript) and 
reacted with Western blot strips containing either purified or crude T. litoralis polymerase. Antibodies selected on lysates 
of V27-5.4 reacted with T. litoralis polymerase in both crude and purified preparations. In addition, the first three amino 
acids from the N-terminal protein sequence of native T. litoralis polymerase (methionine-isoleucine-leucine) are the 
35 same as in the predicted open reading frame (ORF) in the V27-5.4 clone. 

From these results it was concluded that V27-5.4 encoded the amino terminal of T. litoralis polymerase. 
The 1 .3 kb Eco Rl fragment of V27-5.4 comprises nucleotides 1 to 1274 of Figure No. 6. The insert DNA was large 
enough to encode the biggest peptides synthesized by this clone, but not the entire T. litoralis polymerase. 

40 C. CONSTRUCTION AND SCREENING OF T litoralis SECONDARY LIBRARIES 

Antibody screening discussed above, had identified the DNA fragment coding the amino terminal half of the T. 
litoralis polymerase. In order to find a fragment large enough to code for the entire gene, restriction digests of T. litoralis 
DNA were probed with the amino terminal half of the polymerase gene contained in clone V27-5.4. Restriction digests 

45 were performed in separate tubes using a master mix which contained 1 .2 u.g of T. litoralis DNA in 39 |il of restriction 
enzyme buffer (REB, restriction enzyme buffer = 50 mM NaCI, 10 mM Tris pH 7.5, 20 mM MgCI2, 10 mM BME), to 
which 1 .5-200 U of enzyme were added as followed: 1.5 U Avrll, 9 U Eael, 10 U Nhel, 20 U Notl, 9 U Spel, 20 U Xhol, 
30 U Xbal, 20 U Sad, 10 U BamHI, 20 U Clal, 20 U Hindlll, 20 U Pstl, 12 U Nael, 10 U Seal, 12 U Xmnl, 20 U EcoRV, 
20 U Sal, 20 U Eco Rl, 200 U Eagl, 20 U Drat, 5 U Hapl, 8 U Nrul, 4 U SnaBI, 8 U Stul, 10 U Bell, 8 U Bglll, 10 U Rsal, 

so 10 U Haelll, 8 U Alul, 4 U Hindi, 10 U Pvull, 6 U Sspl. OneuJ 10 mg/ml BSA was added to the Hindi digest. Ball digest 
was prepared as above except there was 0 mM NaCI in the buffer. All digests were overnight at 37°C except Bell which 
was incubated at 50°C. Digests were electrophoresed on agarose gels and transferred to NC (Southern, J. Mol. Biol. 
(1975) 98:503-517). The filters were probed with radiolabeled V27-5.4 DNA and hybridization was detected by auto- 
radiography. In most digests, V27-5.4 DNA hybridized to fragments greater than 20 kb, except BamHI (approximately 

55 H kb), EcoRI (1.3 kb), Hindlll (approximately 2.4, 5.4 kb), Xbal (approximately 8 kb), Clal (approximately 4.4, 5.5 kb), 
Ball (approximately 8.5 kb) ( Hindi (approximately 2.1, approximately 2.4 kb), Nrul (approximately 5.5 kb), Bglll (ap- 
proximately 2.9 kb), Haelll (approximately 1 .3, approximately 1 .4 kb) and Rsal which gave numerous small bands. 
Digests yielding single fragments large enough to encode the entire polymerase gene, estimated to be 2.4-3 kb, 
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based on the size of the native protein, were BamHI, Xbal, and Nrul. 
BamHI Library. 

s A BamHI genomic library was constructed using lambda Dashll. Lambda Dashll is a BamHI substitution vector 

that can be used to clone 10-20 kb BamHI DNA fragments. 25-75 nanograms off, litoralis genomic DNA digested with 
BamHI, as described above, was ligated to 0.5 jig BamHI digested, calf intestine phosphatase treated lambda Dashll 
DNA in five uJ of standard ligation buffer including 0.5 u.l T4 DNA ligase (New England Biolabs No. 202). Three uJ of 
the ligation reaction was packaged (Gigapack Plus, Stratagene) as described above. Plaque lifts of 8,000 plaques from 

10 the lambda Dashll library were probed with labeled gel purified 1.3 kb Eco Rl fragment from clone V27-5.4 (Maniatis, 
et al., supra ). 2.5% of the phage hybridized to the 1.3 kb Eco Rl DNA fragment, two of which were plaque purified 
(clones lambda NEB 619 and lambda V56-9). Both phage contained a 12-15 kb BamHI fragment which hybridized to 
the 1.3 kb Eco Rl fragment and contained the approximately 8 kb Xbal and approximately 5.5 kb Nrul fragments. The 
BamHI insert was subcloned into pBR322. Colonies containing this fragment grew very poorly and, based on the 

1$ polymerase assay described above, failed to produce detectable levels of thermostable DNA polymerase. 

Xbal Library . 

X litoralis DNA digested with Xbal was cloned into the Xbal site of pUC19. Colony lifts were probed with radiola- 

20 beled V27-5.4 DNA. No positive clones were detected. 

The Xbal fragment from the BamHI insert in lambda NEB 619 (BamHI library above) was subcloned into the Xbal 
site of pUC1 9. Approximately 0.3 ng of NEB 61 9 DNA digested with BamHI was ligated to0.1 u.g pUC1 9 DNA digested 
with BamHI using two uJ T4 DNA ligase (New England Biolabs No. 202) in 20 u.l of standard ligation buffer. The ligation 
was incubated overnight at 16°C. CaCI competent JM101 and XL-1 cells were transformed with five uJ of ligation mix 

25 and incubated overnight at 37°C (Maniatis, et al., supra ). Colony lifts were probed with radiolabeled purified 1.3 kb 
Eco Rl fragment from V27-5.4 DNA. No positives were detected. Competent RRI celts were transformed with 10 uJ of 
ligation mix and incubated overnight at 30°C. Micro-colonies were picked and mini-plasmid preparations (boiling meth- 
od, Maniatis, et al.. supra ) analyzed. Most of these clones contained the approximately 8 kb Xbal fragment. The ra- 
tionale for this latter experiment was that since the BamHI clones grew poorly, there would be an increased chance of 

30 isolating a plasmid containing the T. litoralis polymerase gene from an Xbal colony that also grew slowly. Also, lower 
temperature of incubation results in less copies of pUC1 9 plasmids per cell. These results provided evidence that the 
T. litoralis polymerase gene was toxic to E. coli. Using the polymerase activity assay described above, no thermostable 
polymerase activity was detected in these clones. Restriction analysis indicated that the Xbal clones should contain 
the entire polymerase gene. See Figure No. 2. 

35 

Nrul Libraries 

Approximately 0.3 u.g of NEB 619 DNA (BamHI library above) cut with Nrul was ligated to 0.1 u.g of pUC19 DNA 
cut with Hindi exactly as described for the Xbal library. Again, no positives were found by hybridization when cells 

40 were incubated at 37°C, but when transformants were incubated at 30°C, many micro-colonies were observed. The 
majority of these micro-colonies contained the approximately 5.5 kb Nrul insert. Using the polymerase activity assay 
described above, no thermostable polymerase activity was detected in these colonies. Analysis of these colonies de- 
termined that when the direction of T. litoralis polymerase transcription was the same as lacZ in pUC19, the colonies 
failed to grow at 37°C and were extremely unstable. However, colonies in which the direction of T. litoralis polymerase 

45 transcription was opposite of lacZ in pUC1 9, such as in clone Nru21 , were more stable. This indicated that transcription 
of T. litoralis polymerase is detrimental to E. coli, and may explain why it was so difficult to clone the entire gene. 
Restriction mapping analysis indicated that the Nrul clones should contain the entire polymerase gene. See Figure 
No. 2. 

so Conclusions Concerning Direct Cloning of the Polymerase 

The T. litoralis is approximately 90-95 kDal which would require approximately 2.4-3.0 kb DNA to encode the entire 
gene. Restriction mapping analysis of the 1.3 kb Eco Rl fragment, coding for the amino-terminus of the T. litoralis 
polymerase gene, found within the BamHI, Xbal and Nrul clones, discussed above, indicates that all three clones 
ss contain the entire polymerase gene. All of these larger clones were unstable in E. coli. Therefore, alternate methods, 
as discussed below, for cloning the polymerase were tested. 
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D. CLONING THE SECOND HALF OF T. litoralis POLYMERASE GENE 



It is believed that when the entire T. litoralis polymerase gene was cloned in E. coli while under its endogenous 
control, mutations in the gene arose. To prevent selection of inactive mutants, the polymerase gene was cloned from 

5 the T. litoralis genome in 2 or more pieces which should each separably be inactive and therefore not selected against. 
Restriction mapping of the T. litoralis genome was used to determine which restriction enzymes would produce frag- 
ments that would be appropriate for cloning the second half of the T. litoralis polymerase gene. Although the above 
data indicates that expression of T. litoralis polymerase was toxic for E. coli, it was also possible that DNA sequences 
themselves, in or outside of the coding region, were toxic. Therefore, the minimum sized fragment which could encode 

10 the entire gene was determined to be the best choice. Restriction analysis indicated that there was an approximately 
1 .6 kb Eco Rl fragment adjacent to the 3' end of the amino terminal 1 .3 kb Eco Rl fragment (see Figure No. 2) which 
could possibly complete the polymerase gene. 

Hybridization probe for the second half of the Xlitoralis DNA polymerase gene 

15 

Since none of the previous clones expressed thermostable polymerase activity, it was possible that they had ac- 
cumulated mutations in the coding sequence and would therefore not be suitable sources of the second half of the 
gene. Hybridization probes were therefore required in order to clone the downstream fragments from the genome. The 
approximately 3.2 kb Ndel/Clal fragment from clone Nru21 (the Nru21 clone contains an approximately 5.5 kb insert, 

20 beginning approximately 300 bp upstream from the start of the polymerase gene) was subcloned into pSP73 (Promega) 
creating clone NCII. CaCI competent RRI cells were transformed, as above, with the ligation mixture. Mini-plasmid 
preps of transformants were analyzed by digestion with Ndel and Clal and clone NCII containing theT. litoralis 3.2 kb 
Ndel/Clal fragment was identified. This clone was stable in E. coli. The pNCll insert was sequenced (Sanger, et al., 
PNAS , (1 977) 74:5463-5467). The Clal end was identical to the V27-5.4 sequence (1 .3 kb Eco Rl fragment coding for 

25 the amino-terminus of the T. litoralis polymerase). The 1 .3 kb Eco Rl junction and beyond was sequenced using primers 
derived from the 1 .3 kb Eco Rl fragment sequence. The Ndel end was sequenced from primers within the vector. 

Screening of Eco Rl Genomic Libraries 

30 1 o |ig of NC1 1 were digested with 30 U of Eco Rl in 1 00 uJ of Eco Rl buffer at 37°C for two hours. The approximately 

1.6 kb Eco Rl fragment was purified on DE-81 paper (Whatman) after electrophoresis. The approximately 1.6 kb Eco 
Rl fragment was radiolabeled and used to probe the original Eco Rl lambda gtll library. Infection and plaque lifts were 
performed as above. Three positives were identified and plaque purified. All contain the approximately 1 .6 kb Eco Rl 
fragment, but some also contain other inserts. 

35 An Eco Rl library was also constructed in lambda Zapll. 2 u.g of T. litoralis DNA were digested with 20 U Eco Rl 

for five hours at 37°C in 20 uJ Eco Rl buffer and then heat treated at 65°C for 1 5 minutes. Approximately 1 5 nanograms 
of T. litoralis DNA/Eco Rl was ligated to 0.5 jig of Eco Rl cut, phosphatased lambda Zapll DNA (Stratagene) with 0.5 
uJ T4 DNA ligase (New England Biolabs No. 202) in 5 uJ of ligation buffer at 16°C overnight. 4 uJ of ligated DNA was 
packaged (GigaPack Gold, Stratagene). Infection and plaque lifts were performed as above. Approximately 1,500 

40 phage were probed with radiolabeled approximately 1.6 kb Eco Rl fragment as above. Five hybridization positive 
plaques were picked and three were plaque purified. Two phage (NEB 620 and V109-2) were rescued as pBluescript 
recombinants (V117-1 and V117-2) by in vivo excision according to the manufacturer's instructions (Stratagene). Both 
contained the approximately 1 .6 kb Eco Rl fragment plus different second fragments. The 5' end was sequenced and 
corresponds to the sequence determined from NC11 (Clal/Ndel fragment). See Figure No. 2. This Eco Rl fragment 

45 contains 3/6 of the T4 DNA polymerase family homology islands as described by Wang, et al., supra . The 1 .6 kb Eco 
Rl fragment comprises nucleotides 1269 to 2856 of Figure No. 6. 

The sequence of the 1.6 kb Eco Rl and Clal/Ndel fragments indicated that the 1.9 kb Eco Rl fragment may be 
necessary to complete the polymerase gene. Lambda Zapll phage, V110-1 through V110-7, containing the 1 .9 kb Eco 
Rl fragment were identified as described above for NEB 620 using labeled probes. Two phage (V110-2 and V110-4) 

so were rescued as pBluescript recombinants (V153-2 and V153-4) by in vivo excision according to the manufacturers 
instructions (Stratagene). Both contained the approximately 1.9 kb Eco Rl fragment plus different second fragments. 
The 1 .9 kb Eco Rl fragment had sequence identity with the overlappying region in Nc11 . The 1 .9 kb Eco Rl fragment 
comprises nucleotides 2851 to 4771 of Figure No. 6. 

The entire T. litoralis polymerase gene has been cloned as BamHI, Xbal and Nrul fragments which were unstable 

55 and from which the active enzyme was not detected. The gene has also been cloned in four pieces (1 .3 kb Eco Rl 
fragment, approximately 1 .6 kb Eco Rl fragment, approximately 1 .9 kb Eco Rl fragment and an Eco RI/BamHI fragment 
containing the stop codon). The 1 .3 kb Eco Rl fragment stably expresses the amino terminal portion of the polymerase. 
Bacteriophage NEB620 was deposited under ATCC No. 40796 on 24th April 1990. 
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EXAMPLE III 

CLONING OF ACTIVE T. LITORALIS DNA POLYMERASE 

5 The T. litoralis polymerase gene found on the 1 4 kb Bam HI restriction fragment of bacteriophage NEB61 9 (ATCC 

No. 40795), was sequenced using the method of Sanger, et al., PNAS (1977) 74:5463-5467. 5837 bp of continuous 
DNA sequence (SEQ ID NO:1) was determined beginning from the 5' end of the 1.3 kb EcoRI fragment (position NT 
1), see Figure No. 6. 

From analysis of the DNA sequence, it was determined that the polymerase gene begins at NT 291 in the 1.3 kb 
10 EcoRI fragment. A translation termination site beginning at NT 5397 was also located. Since the apparent molecular 
weight of T. litoralis polymerase was approximately 90-95 Kdal, it was predicted that the gene should be -2900 bp. 
Instead, a 5106 bp open reading frame (ORF) was identified with a coding capacity of 1702 amino acids (aa) or- 185 
Kdal. 

By sequence homology with other DNA polymerases, an example of which is set out in Figure No. 7, it was dis- 

1$ covered that the T. litoralis polymerase gene was interrupted by an intron or intervening sequence in DNA polymerase 
consensus homology region III (Wang, T, et al., FASEB Journal (1989) 3:14-21 the disclosure of which is herein in- 
corporated by reference). The conserved amino acids of the consensus DNA polymerase homology region III are 
shown in Figure No. 7. In the Figure, the conserved amino acids are underlined. As can be seen in Figure No. 7, the 
left side of the T. litoralis homology island III (SEQ ID NO:2) begins at NT 1737, and homology to the consensus 

20 sequence is lost after the Asn and Ser residues. The right side of the T. litoralis homology island III (SEQ ID NO:3) 
can be picked up at NT 3384, at the Asn and Ser residues. When the two T. litoralis polymerase amino acid sequences 
were positioned so that the Asn and Ser residues overlap, as in Figure No. 7, it was evident that a good match to the 
DNA polymerase homology region III existed. 

Using the homology data, it was therefore predicted that an intervening sequence existed in the T. litoralis DNA 

25 separating the left and right halves of the DNA polymerase homology region III. 

In one preferred embodiment, the intervening sequence was deleted by identifying unique restriction enzyme sites 
in the coding region which were near the intervening sequence splice junction. A synthetic duplex oligonucleotide was 
synthesized, and used to bridge the gap between the two restriction fragments. A multi-part sequential ligation of the 
carboxy end restriction fragments, the bridging oligonucleotide, the amino end restriction fragment, and the expression 

30 vector, resulted in the formation of an expression vector containing an intact polymerase gene with the intervening 
sequence deleted. 

Specifically, the DNA fragments or sequences used to construct the expression vector of the present invention 
containing the T. litoralis DNA polymerase gene with the intervening sequence deleted were as follows: 

1 . An Ndel site was created by oligonucleotide directed mutagenesis (Kunkel, et al. , Methods in Enzvmology (1 987) 
35 154:367:382) in plasmid V27-5.4 (Example II, Part B) such that the initiation codon of the polymerase coding region 
is contained within the Ndel site. 



Original sequence . . . TTT ATG . . , 

(nucleotides 288-293) 



New sequence . . . CAT ATG . . . 

45 

Sequences from the newly created Ndel site to the Clal site (approximately 528 base pairs) were utilized in the 
construction of the expression vector. 

2. An approximately 899 bp sequence between the Clal and Pvul site of NC11 (Example II, Part D). 
so 3. A synthetic duplex which spans the intervening sequence, connecting Pvul and Bsu36l sites derived from other 

fragments, as set out in Figure No. 12. 

In Figure No. 12, the first line indicates the original sequence at the 5* end of the splice junction (nucleotides 
1721-1784, SEQ ID NO:1 ), the second line indicates the original sequence of the 3" end of the splice junction (nucle- 
otides 3375-3415, SEQ ID NO:1), and the third and fourth lines indicate the sequence of the synthetic duplex oligonu- 
ss cleotide. 

4. A Bsu361 to BamHI fragment, approximately 2500 base pairs, derived from bacteriophage NEB 619 (Example 
II, PartC). 

5. A BamHI to Ndel fragment of approximately 6200 base pairs representing the vector backbone, derived from 
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pET11c (Studier, Methods in Enzymoloqy , (1990) 185:66-89), and which includes: 

a) The T7 phi 10 promoter and ribosome binding site for the gene 10 protein 

b) Ampicillin resistance gene t 
5 c) laciq gene 

d) Plasmid origin of replication 

e) A four-fold repeat of the ribosomal transcription terminators (rrnb), Simons, et al. , Gene (1 987) 53:85-96. 

The above DNA fragments, 1 -5, were sequentially ligated under appropriate conditions using T4 DNA ligase. The 
10 correct construct was identified by restriction analysis and named pPR969. See Figure No. 8. pPR969 was used to 
transform E, coli strain RRI, creating a strain designated NEB 687. A sample of NEB 687 was deposited with the 
American Type Culture Collection on December 7, 1990 and bears ATCC No. 68487. 

In another preferred embodiment, the T. litoralis polymerase gene, with the intervening sequence deleted, was 
cloned into a derivative of the Studier T7 RNA polymerase expression vector pET11c (Studier, (1990) supra ). The 
is recombinant plasmid V174-1 B1 was used to transform E. coli strain BL21 (DE3)pLysS, creating strain 175-1 B1 , des- 
ignated NEB671. See Figure Nos. 5 and 10. 

A sample of NEB671 was deposited with the American Type Culture Collection on October 17, 1990 and bears 
ATCC No. 68447. 

A comparison between the predicted and observed molecular weights of the polymerase, even with the intervening 

20 sequence deleted, revealed a discrepancy. The predicted molecular weight of the polymerase after removal of the 
intervening sequence in region III is 132-kb, while the observed molecular weight of either the native (see Example I) 
or recombinant (see Example IV) polymerase is 95-kb. While not wishing to be bound by theory, it is believed that the 
molecular weight discrepancy is due to an intron between homology regions I and III. This finding is based on the 
following observations: The distance between homology regions III and I varies from 15-135 amino acids in members 

25 of the pol alpha family (Wang, (1 989) supra). InT. litoralis there are 407 amino acids or -44-kD separating these regions. 
T. litoralis DNA polymerase is very similar to human pol alpha except for 360 amino acids between conserved homology 
regions I and III where no similarlity exists. 

In addition, as determined by PAGE, a thermostable endonuclease of approximately 35-kD is also produced by 
the T. litoralis DNA polymerase clones of the present invention (see Example X). This endonuclease was purified to 

30 homogeneity by standard ion exchange chromatography, and was sequenced at its amino-terminal. The first 30 amino 
acids of the endonuclease correspond to the amino acids encoded beginning at nucleotide 3534 of the polymerase 
clone (SEQ ID NO:1). This corresponds to the portion of the polymerase which lacks homology with other known 
polymerases. This endonuclease does not react with anti-T. litoralis DNA polymerase antisera. While the exact mech- 
anism by which the endonuclease is spliced out of the polymerase is unknown, it occurs spontaneously in both E. coli 

35 and T. litoralis . 

EXAMPLE IV 

PURIFICATION OF RECOMBINANT T. I ITORAI IS DNA POLYMERASE 

40 

E. coli NEB671 (ATCC No. 68447) was grown in a 100 liter fermentor in media containing 10 g/liter tryptone, 5 g/ 
liter yeast extract, 5 g/liter NaCI and 100 mg/liter ampicillin at 35°C and induced with 0.3 mM IPTG at midexponential 
growth phase and incubated an additional 4 hours. The cells were harvested by centrif ugation and stored at -70°C. 

580 grams of cells were thawed and suspended in Buffer A (100 mM NaCI, 25 mM KP0 4 at pH 7.0, 0.1 mM EDTA, 
45 0.05% Triton X-1 00 and 1 0% glycerol) to a total volume of 2400 ml. The cells were lysed by passage through a Gaulin 
homogenizer. The crude extract was clarified by centrifugation. The clarified crude extract volume was adjusted to 
2200 mis with the above buffer and was heated to 75°C for 30 minutes. The particulate material was removed by 
centrifugation and the remaining supernatant contained about 3120 mg of soluble protein. 

The supernatant was applied to a DEAE-sepharose column (5 X 13 cm; 255 ml bed volume) linked in series to a 
50 phosphocellulose column (5X11 cm; 216 ml bed volume). The DEAE-sepharose flow-through fraction, containing the 
bulk of the enzyme, passed immediately onto the phosphocellulose column. Both columns were washed with 300 mis 
Buffer A, the two columns were disconnected, and the protein on the phosphocellulose column was eluted with a 2 
liter linear gradient of NaCI from 0.1 M to 1 M formed in Buffer A. 

The column fractions were assayed for DNA polymerase activity. Briefly, 1 -4 uJ of fractions were incubated for 5-10 
ss minutes at 75°C in 50 uJ of 1X T. litoralis DNA polymerase buffer (10 mM KCI, 20 mM Tris-HCI (ph 8.8 at 24°C), 10 
mM (NH 4 ) 2 S0 4) 2 mM MgS0 4 and 0.1% Triton X-1 00) containing 30 u,M each dNTP and 3 H-labeled TTP, 0.2 mg/ml 
activated calf thymus DNA and 100 y,g/ml acetylated BSA. The mixtures were applied to Whatman 3 mm filters and 
the filters were subjected to three washes of 10% TCA followed by two washes of cold ethanol. After drying of the 
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filters, bound radioactivity representing incorporation of 3 H-TTP into the DNA was measured. The active fractions were 
pooled and the enzyme activity levels in each pool were assessed using the above assay conditions except the dNTP 
level was raised to 200 u.M each dNTP. Under these conditions one unit of enzyme activity was defined as the amount 
of enzyme that will incorporate 10 nmoles of dNTP into acid-insoluble material at 75°C in 30 minutes. 

s The active fractions comprising a 300 ml volume containing 66 mg protein, were applied to a hydroxylapatite 

column (2.5 X 5 cm; 25 ml bed volume) equilibrated with Buffer B (400 mM NaCI, 10 mM KP0 4 at pH 7.0, 0.1 mM 
EDTA, 0.05% Triton X-100 and 10% glycerol). The protein was eluted with a 250 ml linear gradient of KP0 4 from 10 
mM to 500 mM formed in Buffer B. The active fractions, comprising a 59 ml volume containing 27 mg protein, was 
pooled and dialyzed against Buffer C (200 mM NaCI, 10 mM Tris-HCI at pH 7.5, 0.1 mM EDTA, 0.05% Triton X-100 

10 and 10% glycerol). 

The dialysate was applied to a heparin-sepharose column (1 .4 X 4 cm; 6 ml bed volume) and washed with 20 ml 
Buffer C. A 100 ml linear gradient of NaCI from 200 mM to 700 mM formed in Buffer C was applied to the column. The 
active fractions, comprising a 40 ml volume containing 16 mg protein was pooled and dialyzed against Buffer C. 

The dialysate was applied to an Affi-gel Blue chromatography column (1 .4 X 4 cm; 6 ml bed volume), washed with 
f5 20 mis Buffer C, and the protein was eluted with a 95 ml linear gradient from 0.2 M to 2 M NaCI formed in Buffer C. 
The active fractions, comprising a 30 ml volume containing 11 mg of protein, was dialyzed against a storage buffer 
containing 200 mM KCI, 10 mM Tris-HCI (pH 7.4), 1 mM DTT, 0.1 mM EDTA, 0.1% Triton X-100, 100 u.g/ml BSA and 
50% glycerol. 

The T. litoralis DNA polymerase obtained above had a specific activity of 20,000-40,000 units/mg. 

20 

Characterization of recombinant T. litoralis polymerase 

Recombinant and native T. litoralis polymerase had the same apparent molecular weight when electrophoresed 
in 5- 10% SDS-PAGE gradient gels. Recombinant T. litoralis polymerase maintains the heat stability of the native 
25 enzyme. Recombinant T. litoralis polymerase has the same 3*— >5' exonuclease activity as native T. litoralis polymer- 
ase, which is also sensitive to inhibition by dNTPs. 

EXAMPLE V 

30 OVER-EXPRESSION OF THE THERMOCOCCUS LITORALIS DNA POLYMERASE GENE 

The T. litoralis DNA polymerase gene, with the intron deleted, e.g., V174-1B1 obtained in Example III, may be 
used in a number of approaches, or combinations thereof, to obtain maximum expression of the clonedT. litoralis DNA 
polymerase. 

35 One such approach comprises separating the T. litoralis DNA polymerase gene from its endogenous control ele- 

ments and then operably linking the polymerase gene to a very tightly controlled promoter such as a T7 expression 
vector (Rosenberg, et al.. Gene (1987) 56:125-135). Insertion of the strong promoter may be accomplished by identi- 
fying convenient restriction targets near both ends of the T. litoralis DNA polymerase gene and compatible restriction 
targets on the vector near the promoter, or generating restriction targets using site directed mutagenesis (Kunkel, 

40 (1984), supra ), and transferring the T. litoralis DNA polymerase gene into the vector in such an orientation as to be 
under transcriptional and translational control of the strong promoter. 

T. litoralis DNA polymerase may also be overexpressed by utilizing a strong ribosome binding site placed upstream 
of theT. litoralis DNA polymerase gene to increase expression of the gene. See , Shine and Dalgarno, Proc. Natl. Acad. 
Sci. USA (1974) 71:1342-1346, which is hereby incorporated by reference. 

45 Another approach for increasing expression of the T. litoralis DNA polymerase gene comprises altering the DNA 

sequence of the gene by site directed mutagenesis or resynthesis to contain initiation codons that are more efficiently 
utilized than E. coli . 

Finally, T. litoralis DNA polymerase may be more stable in eukaryote systems like yeast and Baculovirus. 

The T. litoralis DNA polymerase may be produced from clones carrying the T. litoralis DNA polymerase gene by 
so propagation in a fermentor in a rich medium containing appropriate antibiotics. Cells are thereafter harvested by cen- 
trif ugation and disrupted by sonication to produce a crude cell extract containing theT. litoralis DNA polymerase activity. 

The crude extract containing the T. litoralis DNA polymerase activity is purified by the method described in Example 
I, or by standard product purification techniques such as affinity-chromatography, or ion-exchange chromatography. 

55 



15 



EP 0 455 430 B1 



EXAMPLE VI 

PRODUCTION OF A T I ITORAl IS DMA POLYERMASE 3' TO 5'EXONUCLEASE MUTANT 

AT. litoralis DNA polymerase lacking 3' to 5* exonuclease activity was constructed using site-directed mutagenesis 
to alter the codons for aspl 41 and glul 43 to code for alanine. Site<jirected mutagenesis has been used to create DNA 
polymerase variants which are reported to have reduced exonuclease activity, including phi29 (Cell (1 989) 59:21 9-228 ) 
DNA polymerase I (Science (1988) 240:199-201) and T7 DNA polymerases (U.S. Patent No. 4,942,130). 

Site-directed mutagenesis of the polymerase of the present invention was accomplished using a modification of 
the technique described by Kunkel, TA, PNAS (1 985) 82:488-492, the disclosure of which is herein incorporated by 
reference. The V27-5.4 plasmid (see Example 2, Part B) was used to construct the site-directed mutants. V27-5.4 
encodes the 1.3 kb EcoRI fragment in pBluescript SK+. E. coli strain CJ236 (Kunkel, et aL, Methods in Enzvmology 
(1 987) 1 54:367-382), a strain that incorporates deoxyuracil in place of deoxythymidine, containing the V27-5.4 plasmid 
was superinfected with the f 1 helper phage IR1 (Virology , (1982) 122:222-226) to produce single stranded versions of 
the plasmid. 

Briefly, the site-directed mutants were constructed using the following approach. First, a mutant oligonucleotide 
primer, 35 bases in length, was synthesized using standard procedures. The oligonucleotide was hybridized to the 
single-stranded template. After hybridization the oligonucleotide was extended using T4 DNA polymerase. The result- 
ing double-stranded DNA was converted to a closed circular dsDNA by treatment with T4 DNA ligase. Plasmids con- 
taining the sought after mutations were identified by virtue of the creation of a Pvul site overlapping the changed bases, 
as set out below. One such plasmid was identified and named pAJG2. 

The original and revised sequences for amino acid residues are 141 , 142, and 143: 



The newly created Pvul site, used to screen for the alteration, is underlined. Note that the middle codon was changed 
but that the amino acid encoded by this new codon is the same as the previous one. 

An approximately 1 20 bp Clal to Ncol fragment from V1 74-1 B1 (see Example III) was replaced by the corresponding 
fragment bearing the above substitutions from pAJG2, creating pCAS4 (see Figure No. 9). pCAS4 thus differs from 
V174-1 B1 by 4 base pairs, namely those described above. 

E. coli BL21 (DE3)plysS (Methods in Enzvmology , (1 990) 1 85:60-89) was transformed with pCAS4, creating strain 
NEB681. Expression of the mutant T. litoralis polymerase was induced by addition of IPTG. 

A sample of NEB681 has been deposited with the American Type Culture Collection on November 8, 1990, and 
bears ATCC No. 68473. 

Relative exonuclease activities in the native T. litoralis DNA polymerase and the exonuclease minus variant isolated 
from E. coli NEB681 was determined using a uniformly [ 3 H] labeled E. coli DNA substrate. Wild type T. litoralis DNA 
polyermase was from a highly purified lot currently sold by New England Biolabs, Inc. The exonuclease minus variant 
was partially purified through DEAE sepharaose and phosphocellulose columns to remove contaminants which inter- 
fered with the exonuclease assays. The indicated number of units of polyermase were added to a 0.1 ml reaction 
containing T. litoralis DNA polymerase buffer [20 mM Tris-Hcl (pH8.8 at 25°C), 1 0 mM KCI, 10 mM (NH 4 ) 2 S0 4l 5 mM 
MgS0 4 , 0.1% Triton X-100], 0.1 mg/ml bovine serum albumin, and 3 u,g/ml DNA substrate (specific activity 200,000 . 
cpum/u.g) and the reaction was overlaid with mineral oil to prevent evaporation of the reaction. Identical reactions 
contained in addition 20 u,M dNTP, previously shown to inhibit the exonuclease activity of the wild type enzyme. The 
complete reaction mixture was incubated at 70°C for 60 minutes, following which 0.08 ml was removed and mixed with 
0.02 ml 0,5 mg/ml sonicated herring sperm DNA (to aid in precipitation of intact DNA) and 0.2 ml of 10% trichloroacetic 
acid at 4°C. After mixing, the reaction was incubated on ice for 5 minutes, and the DNA then pelleted at 4°C for 5 
minutes in an Eppendorf centrifuge. 0.25 ml of supernatant was mixed with scintillation fluid and counted. The results 
of the sample counting, corrected for background, are shown in Figure No. 11. 

As illustrated in Figure No. 11 , the exonuclease minus variant was substantially free of exonuclease activity in the 
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presence or absence of dNTPs under conditions where the native polymerase clearly demonstrated exonuclease ac- 
tivity. Conservatively estimating that a level of activity two-fold above background could have been detected, this implies 
that the exonuclease activity is decreased at least 60-fold in this variant. 

EXAMPLE VII 

T LITORALIS DNA POLYMERASE HALF-LIFE DETERMINATION 

The thermostability or half-life of the T. litoralis DNA polymerase purified as described above in Example 1 was 
determined by the following method. Purified T. litoralis DNA polymerase (25 units) was preincubated at 100°C in the 
following buffer: 70 mM tris-HCI (pH 8.8 at 25°C), 17 mM ammonium sulfate, 7 mM MgClg, 10 mM beta-mercaptoeth- 
anol, 200 uM each deoxy nucleotide and 200 u.g/ml DNAse-treated DNA. An initial sample was taken at time zero and 
a small aliquot equivalent to 5% of the enzyme mixture was removed at 10, 20, 40, 60, 90, 120, 150, and 180 minutes. 
The polymerase activity was measured by determining incorporation of deoxynucieotide into DNA as described pre- 
viously. 

A sample of Taq DNA polymerase obtained from New England Biolabs was subjected to the above assay An initial 
sample was taken at time zero and a small aliquot equivalent to 5% of the enzyme mixture was removed at 4, 7, and 
10 minutes. As shown in the Figure No. 3, the half-life of the T. litoralis DNA polymerase at 100°C was 60 minutes, 
while the half-life of the Taq polymerase at 100°C was 4.5 minutes. 

As shown in Figure No. 3, the half-life of T. litoralis DNA polymerase at 100°C in the absence of stabilizers was 
60 minutes, while in the presence of the stabilizers TRITON X-100 (0.15%) or BSA (100jag/ml) the half-life was 95 
minutes. This was in stark contrast to the half-life of Taq DNA polymerases at 1 00°C, which in the presence or absence 
of stabilizers was 4.5 minutes (Figure No. 3). 

EXAMPLE VIII 

DETERMINATION OF 3'-5' PROOFREADING ACTIVITY 

1. Response of T- litoralis DNA Polymerase to the Absence or Presence of Deoxynucleotides . 

The levels of exonuclease activities associated with polymerases show very different responses to deoxynucle- 
otides. Nonproofreading 5'-3' exonucleases are stimulated tenfold or greater by concomitant polymerization afforded 
by the presence of deoxynucleotides, while proofreading 3-5 1 exonucleases are inhibited completely by concomitant 
polymerization. Lehman, I.R. ARB (1967) 36:645. 

The T. litoralis DNA polymerase or polymerases with well-characterized exonuclease functions (T4 Polymerase, 
Klenow fragment) were incubated with 1 u.g 3 H-thymidine-labeled double-stranded DNA (10 5 CPM/u.g) in polymeriza- 
tion buffer (70 mM tris (pH 8.8 at 24°C), 2 mM MgCI 2 , 0.1% Triton and 100 u.g/ml bovine serum albumin). After an 
incubation period of three hours (experiment 1 ) or four hours (experiment 2) at either 70°C (thermophilic polymerases) 
or 37°C (mesophilic polymerases), the exonuclease-hydrolyzed bases were quantified by measuring the acid-soluble 
radioactively-labeled bases. 

As shown in Table 1 , the Taq DNA polymerase, with its 5'-3' exonuclease activity, shows stimulation of exonuclease 
activity when deoxynucleotides were present at 30 uM. However, polymerases with 3'-5' proofreading exonuclease 
activities, such as the T4 polymerase, Klenow fragment of E. colj polymerase 1, or the T. litoralis DNA polymerase 
showed the reverse, an inhibitory response to the presence of deoxynucleotides. 
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The similarity of responses to the presence or absence of deoxynucleotides of the T. litoralis DNA polymerase 
and the well-characterized Klenow fragment of the.E. coli DNA polymerase is further shown in Figure No. 4. Twenty 
units of either polymerase was incubated with 9 u.g 3 H-thymidine-labeled double-stranded DNA (10 s CPM/u.g) in 350 
ul polymerization buffer as described above in the presence, or absence of, 30 jxM deoxynucleotides. At each time 
5 point, 50 u.l was removed and the level of acid-soluble radioactive ly-labe led bases were measured. As Figure No. 4 
documents, the behavior of T. litoralis DNA polymerase and the Klenow fragment of E. coli DNA polymerase, which 
contains a well-characterized 3' -5' proofreading exonuclease activity, are very similar. 

2. Response of T litoralis DNA Polymerase to Increasing Deoxvnucleotide Concentrations , 

10 

Exonuclease activities of polymerases are affected by the level of deoxynucleotides present during polymerization, 
in as much as these levels affect polymerization. As deoxvnucleotide levels are increased towards the Km (Michaelis 
constant) of the enzyme, the rate of polymerization is increased. For exonuclease functions of polymerases sensitive 
to the rate of polymerization, changes in exonuclease activity are parallel with increases in deoxvnucleotide concen- 
ts trations. The increase in polymerization rate drastically decreases proofreading 3'-5' exonuclease activity with a con- 
comitant increase in polymerization-dependent 5'-3' exonuclease activity. 

The exonuclease function of the T. litoralis DNA polymerase was compared to those of well-characterized exonu- 
clease functions of other polymerases as the deoxvnucleotide concentration was increased from 10 uM to 100 uM. 
The exonuclease activity was measured as described in (1) with an incubation period of 30 minutes. As summarized 
20 in Table 2, the T. litoralis DNA polymerase responded to increases in deoxynucleotide levels similarly to a polymerase 
known to possess a 3'-5' proofreading exonuclease (Klenow fragment of E. coli DNA Pol. I). This response was in 
contradiction to that of a polymerase known not to possess this proofreading function, Taq DNA polymerase. This 
polymerase responded to an increase in deoxynucleotide levels with an increase in exonuclease function due to its 5'- 
3' exonuclease 

25 

activity. 3. Response of T litoralis DNA Polymerase to Alteration from a Balanced Deoxvnucleotide State to an 
Unbalanced State . 

Polymerization is dependent on equal levels -of all four deoxynucleotides present during DNA synthesis. If the 
30 deoxynucleotide levels are not equal, polymerases have decreased polymerization rates and are more likely to insert 
incorrect bases. Such conditions greatly increase proofreading 3'-5' exonuclease activities while decreasing 5'-3' ex- 
onuclease activities. Lehman, I.R.. ARB (1967) 36:645. 

The T. litoralis DNA polymerase was incubated with both balanced deoxynucleotide levels (30 uM) and two levels 
of imbalance characterized by dCTP present at 
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1/10 or 1/100 the level of the other three deoxynucleotides. The response of the T. litoralis DNA polymerase was 
then compared to that of three polymerases possessing either the ^-S' or the 5'-3' exonuclease functions. All assays 
were performed as described in (1) except for dCTP concentrations listed below. As seen in Table 3 below, the T. 
litoralis DNA polymerase follows the expected behavior for a proofreading 3'-5* exonuclease-containing polymerase; 
s an imbalance in deoxynucleotide pools increased the exonuclease activity in a similar manner as that of the proofread- 
ing polymerases of T4 DNA polymerase or Klenow fragment of E. coli DNA polymerase I. In contrast to this response, 
the exonuclease of the Taq DNA polymerase was not affected until the imbalance was heightened to the point that 
polymerization was inhibited. 

10 4. Directionality of Exonuclease Activity 

A proofreading exonuclease has a 3'-5' directionality on DNA while non proof reading exonuclease associated with 
DNA polymerases have a 5'-3' directionality. To discern the direction of the exonuclease activity of T. litoralis DNA 
polymerase, the 5' blocked DNA of adenovirus was utilized. Since the 5' end of this DNA is blocked by protein, enzymic 
1$ activities that are 5'-3' in directionality cannot digest this double-stranded DNA; however, enzymic activities that are 
3'-5', such as exonuclease III or proofreading exonuclease-containing polymerases, can digest adenovirus DNA. 

Twenty-five units of exonuclease III or 20 units of either T. litoralis DNA polymerase, T4 DNA polymerase (pos- 
sessing a well characterized 3'-5' exonuclease 
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activity), or Taq DNA polymerase (lacking such an activity) were incubated with 5 u.g adenovirus DNA for time periods 
up to 30 minutes duration at either 37°C (T4 polymerase and exonuclease III) or 70°C (Taq polymerase and T. litoralis 
polymerase) in the presence of 70 mM tris-HCl pH 8.8 at 25°C, 2 mM MgCI 2 and 100 u.g/ml BSA. At the end of each 
incubation time period, enzymic activity was stopped by phenol extraction of the adenovirus DNA, followed by Hpal 

s digestion for one hour at 37°C in 20 mM tris, pH 7.9 at 25°C, 10 mM Magnesium acetate 50 mM potassium acetate 
and 1 mM DTT. The DNA fragments were subjected to agarose gel electrophoresis and the resulting pattern of time- 
dependent degradation and subsequent loss of double-stranded DNA fragments were assessed. 

The 3'-5' exonuclease activities of exonuclease III, of T. litoralis DNA polymerase and T4 DNA polymerase caused 
the disappearance of the double-strand DNA fragments originating from the 5" blocked end of the adenovirus DNA, 

10 indicating vulnerability of its 3' end. In contrast, the Taq DNA polymerase with its 5'-3' polymerization-dependent exo- 
nuclease activity, showed no disappearance of the DNA fragment. 

EXAMPLE IX 

15 PERFORMANCE OF T litoralis DNA POLYMERASE IN THE PGR PROCESS 

The ability of the T. litoralis DNA polymerase to perform the polymerase chain reaction (PCR) was also examined. 
In 100 uJ volumes containing the buffer described in Example IV, varying amounts of M13mp18 DNA cut by Clal di- 
gestion, generating 2 fragments of 4355 bp and 2895 bp, were incubated with 200 ng of calf thymus DNA present as 

20 carrier DNA to decrease any nonspecific adsorption effects. The forward and reverse primers were present at 1 u.M 
(forward primer = S'd^CAGCAAGGCCGATAGTTTGAGTT)^ and the reverse primer = 5' d(CGCCAGGGTTTTC- 
CCAGTCACGAC)3'). These primers flank a 1 kb DNA sequence on the 4355 bp fragment described above, with the 
sequence representing 14% of the total M13mp18 DNA. Also present were 200 uJvl each dNTP, 100 u,g/ml BSA, 10% 
DMSO and 2.5 units of either T. aquaticus DNA polymerase (in the presence or absence of 0.5% NP40 and 0.05% 

25 Tween 20), or T. litoralis DNA polymerase (in the presence or absence of 0.1 0% Triton X-1 00). The initial cycle consisted 
of 5 min at 95°C, 5 min at 50°C (during which polymerase and BSA additions were made) and 5 min at 70°C. The 
segments of each subsequent PCR cycle were the following: 1 min at 93°C, 1 min at 50°C and 5 min at 70°C. After 
0, 13, 23 and 40 cycles, 20 uJ amounts of 100 u,l volumes were removed and subjected to agarose gel electrophoresis 
with ethidium bromide present to quantitate the amplification of the 1 kb DNA sequence. 

30 Initial experiments with this target DNA sequence present at 28 ng and 2.8 ng established the ability of the T. 

litoralis DNA polymerase to catalyze the polymerase chain reaction; yields were comparable or not more than twofold 
greater than the seen with T. aquaticus DNA polymerase. 

However, it was at the lower levels of target DNA sequence, 2.8 femtograms, that differences in polymerase function 
were most apparent. Under these conditions requiring maximal polymerase stability and/or efficiency at elongation of 

35 DNA during each cycle.the T. litoralis DNA polymerase produced greater than fourfold more amplified DNA than that 
of T. aquaticus DNA polymerase within 23 cycles. 

This ability to amplify very small amounts of DNA with fewer cycles is important for many applications of PCR since 
employing large cycle numbers for amplification is associated with the generation of undesirable artifacts during the 
PCR process. 

40 

EXAMPLE X 

PURIFICATION OF RECOMBINANT T I ITORAI IS INTRON-FNCOPFD FNDONUCI FASF 

45 E. coli NEB671 (ATCC No. 68447), grown as described in Example IV, were thawed (70 grams) and suspended 

in Buffer A containing 200 u,g of lysozyme per ml to a final volume of 300 ml. The mixture was incubated at 37°C for 
2 minutes and then 75°C for 30 minutes. The heated mixture was centrifuged at 22,000 x g for 30 minutes and the 
supernatant was collected for further purification of the thermostable endonuclease. Since all of the nucleases from 
E. coli were inactivated by the heat treatment, the preparation at this stage could be used for characterization of the 

50 intron-encoded endonuclease. To separate this enzyme from the recombinant!, litoralis DNA polymerase also present 
in the 75°C supernatant solution, the solution was passed through a DEAE-sepharose column (5 cm x 5 cm, 100 ml 
bed volume) and washed with 200 ml of Buffer A. Essentially all of the DNA polymerase activity passes through the 
column while the endonuclease activity sticks. The endonuclease activity was eluted with a one liter linear gradient of 
NaCI from 0.1 M to 0.8 M formed in Buffer A. The endonuclease activity eluted at about 0.4 M NaCI, and was assayed 

55 in a buffer containing 10 mM KCI, 20 mM Tris-HCl (pH 8.8 at 24°C), 10 mM (NH4) 4 S0 4 , 10 mM MgS0 4 , 0.1% Triton 
X-1 00 and 1 jag of pBR322 DNA per 0.05 ml of reaction mixture. The reaction mixture was incubated at 75°C and the 
extent of DNA cleavage was determined by agarose gel electrophorese. At lower temperatures little or no endonuclease 
activity was detected. The tubes containing the peak activity were pooled, dialyzed overnight against Buffer A and then 
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applied to phosphocellulose column (2.5 cm x 6.5 cm, 32 ml bed volume), washed with Buffer A and the endonuclease 
activity eluted with a linear gradient of NaCI from 0.1 M to 1.5 M formed in Buffer A. The enzyme eluted at about 0.8 
M NaCI. Active fractions were pooled and dialyzed overnight against Buffer A and then passed through a HPLC Mono- 
S column (Pharmacia) and eluted with a linear gradient of NaCI from 0.05 M to 1 .0 M. The activity eluted as a single 
peak and was homogeneous by SDS-PAGE: a single 33-37 kd band was detected by Commasie blue staining and 
when this band was eluted from the gel and renatured it contained the only endonuclease activity detected on the gel 
The enzyme has preferred cutting sites on various DNAs. There are several fast cutting sites on lambda DNA and 
many slow sites. On the plasmid pBR322 the enzyme cuts three sites rapidly and a few other sites slowly on prolonged 
incubation. Two of the rapid sites on pBR322 have been sequenced: 

Site at position 164: 

5' TTGGTTATGCCGGTAC V TGCCGGCCTCTT 3' 
3' AACCAATACGGC A CATGACGGCCGGAGAA 5' 

Site at position 2411: 

5' TTGAGTGAGCTGATAC V CGCTCGCCGCAG 3' 
3' AACTCACTCGAC A TATGGCGAGCGGCGTC 5' 

Thus, the endonuclease from T. litoralis resembles other intron -encoded endonucleases reported from yeast in 
that their is a four base 3' extension at the cut site. 

The thermostable endonuclease of the present invention can be used in genetic manipulation techniques where 
such activity is desired. 

Claims 

1 . A purified thermostable enzyme obtainable from Thermococcus litoralis which catalyzes the polymerization of DNA. 

2. The thermostable enzyme of claim 1 , having a molecular weight of about 90,000 to 95,000 daltons. 

3. The thermostable enzyme of claim 1 , having a 3'-5' exonuclease activity. 

4. The thermostable enzyme of claim 3, wherein the 3 l -5' exonuclease activity is inactivated. 

5. The thermostable enzyme of claim 4, wherein said enzyme is obtainable from E. coli NEB 681 (ATCC 68473). 

6. The thermostable enzyme of claim 1 , having a half life of about 60 minutes at 1 00°C in the absence of a stabilizer. 

7. The thermostable enzyme of claim 1 , having a half life of about 95 minutes at 100°C in the presence of a stabilizer. 

8. The thermostable enzyme of claim 7, wherein said stabilizer is a nonionic-detergent. 

9. The thermostable enzyme of claim 8, wherein said nonionic-detergent is selected from the group consisting of 
octoxynol, polyoxyethylated sorbitan monolaurate and ethoxylated nonyl phenol. 

10. The thermostable enzyme of claim 7, wherein said stabilizer is a protein. 

11. The thermostable enzyme of claim 10, wherein said protein is selected from the group consisting of Bovine Serum 
Albumin and gelatin. 
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12. A fragment of the nucleotide sequence of Figure No. 6 consisting of an isolated DNA sequence coding for the 
amino-terminal portion of a thermostable enzyme obtainable from Thermococcus litoralis , 
wherein the isolated DNA sequence is about 1 .3 kb in length. 

5 1 3. The isolated DNA sequence of claim 1 2, wherein the isolated DNA comprises nucleotides 1 to 1 274 of Figure No. 6. 

14. A vector containing the isolated DNA sequence of claim 12, 

15. The vector of claim 14, wherein such vector is bacteriophage NEB 618 (ATCC 40794). 

w 

16. A fragment of the nucleotide sequence of Figure No. 6 consisting of an isolated DNA sequence coding for the 
intermediate portion of a thermostable enzyme obtainable from Thermococcus litoralis, 

wherein the isolated DNA sequence is about 1 .6 kb in length. 

is 17. The isolated DNA sequence of claim 16, wherein the isolated DNA comprises nucleotides 1269 to 2856 of Figure 
No. 6. 

18. A vector containing the isolated DNA sequence of claim 17. 
20 19. The vector of claim 18, wherein such vector is bacteriophage NEB 620 (ATCC 40796). 

20. A fragment of the nucleotide sequence of Figure No. 6 consisting of an isolated DNA sequence coding for the 
carboxyl-terminal of a thermostable enzyme obtainable from Thermococcus litoralis, 

wherein the isolated DNA is about 1 .9 kb in length. 

25 

21. The isolated DNA sequence of claim 20, wherein the isolated DNA comprises nucleotides 2851 to 4771 of Figure 
No. 6. 

22. A vector containing the isolated DNA sequence of claim 20. 

30 

23. A vector comprising the isolated DNA sequence of claim 1 3 operably linked in the proper reading frame with the 
isolated DNA sequence of claim 1 7 to produce Thermococcus litoralis DNA polymerase or a portion thereof. 

24. The vector of claim 23, further comprising the isolated DNA sequence of claim 20 operably linked in the proper 
reading frame to produce Thermococcus litoralis DNA polymerase or a portion thereof. 

25. An isolated DNA sequence which codes for the thermostable enzyme of claim 1 . 

26. A vector containing the DNA sequence of claim 25. 

27. A microbial host transformed by the vector of claim 26. 

28. An isolated DNA sequence according to claim 25 contained within an approximately 14 kb BamHI restriction frag- 
ment of bacteriophage NEB 619 (ATCC 40795) 

29. The isolated DNA sequence of claim 25, comprising the DNA sequence of Figure No. 6. 

30. The isolated DNA sequence of claim 29, wherein nucleotides 1776 to 3389 have been deleted. 

31. An isolated DNA sequence according to claim 25, comprising an approximately 4 kb BamHi/Ndel restriction frag- 
ment of plasmid pPR969 (Figure 8). 

32. A vector containing the DNA of claim 29. 
55 33. A vector containing the DNA of claim 30. 

34. The vector of claim 33, wherein said vector is plasmid V1 74-1 B1. (Figure 10). 



25 



EP 0 455 430 B1 

35. The vector of claim 33, wherein said vector is plasmid pPR969 (Figure 8). 

36. A microbial host transformed with the vector of claim 34 or claim 35. 

37. The transformant of claim 36, wherein said transformant is E. coli NEB 671 (ATCC 68447). 

38. The transformant of claim 36, wherein said transformant is E. coli NEB687 (ATCC 68487). 

39. A process for the preparation of Thermococcus litoralis DNA polymerase comprising culturing the transformed 
microbial host of any of the claims 36, 37 or 38 under conditions suitable for the expression of Thermococcus 
litoralis DNA polymerase and recovering Thermococcus litoralis DNA polymerase. 

40. Thermococcus litoralis DNA polymerase produced by the process of claim 39. 

41. A method for producing Thermococcus litoralis DNA polymerase comprising the steps of 

(a) purifying total DNA from Thermococcus litoralis; 

(b) isolating DNA from the total DNA of step (a) which codes for the DNA polymerase; 

(c) removing an intervening DNA from said isolated DNA of step (b); 

(d) ligating the DNA of step (c) into an appropriate vector; 

(e) transforming a host with the vector of step (d); 

(f) cultivating the transformed host of step (e) under conditions suitable for expression of the T. litoralis DNA 
polymerase; 

(g) recovering the Thermococcus litoralis DNA polymerase. 

42. The method of claim 41, wherein the isolated DNA comprises the DNA of Figure No. 6. 

43. The method of claim 41 , wherein the intervening DNA is removed via a splice junction, said splice junction spanning 
from about nucleotides 1761-1775 and 3384-3392 of Figure No. 6, whereby a concensus region corresponding to 
concensus region III of Figure No. 7 is formed. 

44. The method of claim 43, wherein the intervening DNA comprises nucleotides 1776 to 3389 of Figure No. 6. 

45. The vector of claim 26, wherein such vector is bacteriophage NEB61 9 (ATCC 40795). 

46. A microbial host transformed with the vector pCAS4 (Figure 9), wherein said transformant is E. Coli NEB681 (ATCC 
68473). 

Patentanspruche 

1. Ein gereinigtes thermostabiles Enzym, welches aus Thermococcus litoralis erhaltlich ist, das die Polymerisation 
von DNA katalysiert. 

2. Das thermostabile Enzym nach Anspruch 1 , welches ein Molekulargewicht von ca. 90.000 bis 95.000 Dalton auf- 
weist. 

3. Das thermostabile Enzym nach Anspruch 1 , welches eine 3'-5'-Exonukleaseaktivitat aufweist. 

4. Das thermostabile Enzym nach Anspruch 3, bei welchem die 3'-5'-Exonukleaseaktivitat inaktiviert ist. 

5. Das thermostabile Enzym nach Anspruch 4, wobei das Enzym aus E. coli NEB 681 (ATCC 68473) erhaltlich ist. 
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6. Das thermostabile Enzym nach Anspruch 1 , welches bei 100°C in der Abwesenheit eines Stabilisators eine Halb- 
wertszeit von ca 60 Minuten aufweist. 

7. Das thermostabile Enzym nach Anspruch 1, welches bei 100°C in der Gegenwart eines Stabilisators eine Halb- 
5 wertszeit von ca. 95 Minuten aufweist. 

8. Das thermostabile Enzym nach Anspruch 7, wobei der Stabilisator ein nichtionisches Detergens ist. 

9. Das thermostabile Enzym nach Anspruch 8, wobei das nichtionische Detergens ausgewahlt ist aus der Gruppe 
10 bestehend aus Octoxynol, polyoxyethyliertem Sorbitanmonolaurat und ethoxyliertem Nonylphenol. 

10. Das thermostabile Enzym nach Anspruch 7, wobei der Stabilisator ein Protein ist. 

11. Das thermostabile Enzym nach Anspruch 10, wobei das Protein ausgewahlt ist aus der Gruppe bestehend aus 
*5 Rinderserumalbumin und Gelatine. 

12. Ein Fragment der Nukleotidsequenz aus Figur Nr. 6, welches aus einer isolierten DNA-Sequenz besteht, die fur 
denaminoterminalenTeil eines thermostabilen Enzymscodiert, dasaus Thermococcus litoralis ertialtlich ist, wobei 
die isolierte DNA-Sequenz eine Lange von ca. 1,3 kb aufweist. 

20 

13. Die isolierte DNA-Sequenz aus Anspruch 12, wobei die isolierte DNA die Nukleotide 1 bis 1274 aus Figur Nr. 6 
umfaGt. 

14. Ein Vektor, welcher die isolierte DNA-Sequenz nach Anspruch 12 enthalt. 

25 

15. Der Vektor nach Anspruch 14, wobei ein solcher Vektor der Bakteriophage NEB 618 (ATCC 40794) ist. 

16. Ein Fragment der Nukleotidsequenz aus Figur Nr. 6, welches aus einer isolierten DNA-Sequenz besteht, die fur 
den mittleren Teil eines thermostabilen Enzyms codiert, das aus Thermococcus litoralis erhaltlich ist, wobei die 

30 isolierte DNA-Sequenz eine Lange von ca. 1 ,6 kb aufweist. 

17. Die isolierte DNA-Sequenz nach Anspruch 16, wobei die isolierte DNA die Nukleotide 1269 bis 2856 aus Figur Nr. 
6 umfaBt. 

35 18. Ein Vektor, welcher die isolierte DNA-Sequenz nach Anspruch 17 enthalt. 

19. Der Vektor nach Anspruch 18, wobei ein solcher Vektor der Bakteriophage NEB 620 (ATCC 40796) ist. 

20. Ein Fragment der Nukleotidsequenz aus Figur Nr. 6, welches aus einer isolierten DNA-Sequenz besteht, die fur 
40 das Carboxylende eines thermostabilen Enzyms codiert, das aus Thermococcus litoralis erhaltlich ist, wobei die 

isolierte DNA eine Lange von ca. 1 ,9 kb aufweist. 

21. Die isolierte DNA-Sequenz nach Anspruch 20, wobei die isolierte DNA die Nukleotide 2851 bis 4771 aus Figur Nr. 
6 umfaBt. 

45 

22. Ein Vektor, welcher die isolierte DNA-Sequenz nach Anspruch 20 enthalt. 

23. Ein Vektor, welcher die isolierte DNA-Sequenz nach Anspruch 13 umfaBt, die in funktionsfahiger Weise in dem 
richtigen Leseraster mit der isolierten DNA-Sequenz nach Anspruch 17 verknupft ist, urn Thermococcus litora lis- 

so DNA-Polymerase Oder einen Teil davon zu produzieren. 

24. Der Vektor nach Anspruch 23, welcher weiterhin die isolierte DNA-Sequenz nach Anspruch 20 umfaGt, die in 
funktionsfahiger Weise in dem richtigen Leseraster verknupft ist, urn Thermococcus litoralis-DNA-Polymerase Oder 
einen Teil davon zu produzieren. 

55 

25. Eine isolierte DNA-Sequenz, welche fur das thermostabile Enzym nach Anspruch 1 codiert. 

26. Ein Vektor, welcher die DNA-Sequenz nach Anspruch 25 enthalt. 
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27. Ein mikrobieller Wirt, der mit dem Vektor nach Anspruch 26 transformiert ist. 

28. Eine isolierte DNA-Sequenz gemaB Anspruch 25, die innerhalb eines BamHI-Restriktionsfragments des Bakte- 
riophagen NEB 619 (ATCC 40795) mit ungefahr 14 kb enthalten ist. 

29. Die isolierte DNA-Sequenz nach Anspruch 25, welche die DNA-Sequenz aus Figur Nr. 6 umfaGt. 

30. Die isolierte DNA-Sequenz nach Anspruch 29, worin die Nukleotide 1776 bis 3389 deletiert wurden. 

31. Eine isolierte DNA-Sequenz gemaB Anspruch 25, welche ein BamHI/Ndel-Restriktionsfragment des Plasmids 
pPR969 (Figur 8) mit ungefahr 4 kb umfaBt. 

32. Ein Vektor, welcher die DNA nach Anspruch 29 enthalt. 

33. Ein Vektor, welcher die DNA nach Anspruch 30 enthalt. 

34. Der Vektor nach Anspruch 33, wobei der Vektor das Plasmid V174-1B1 (Figur 10) ist. 

35. Der Vektor nach Anspruch 33, wobei der Vektor das Plasmid pPR969 (Figur 8) ist. 

36. Ein mikrobieller Wirt, der mit dem Vektor nach Anspruch 34 oder Anspruch 35 transformiert ist. 

37. Die Transfonmante nach Anspruch 36, wobei die Transformante E. coli NEB 671 (ATCC 68447) ist. 

38. Die Transfonmante nach Anspruch 36, wobei die Transformante E. coli NEB 687 (ATCC 68487) ist. 

39. Ein Verfahren zur Preparation von Thermococcus litoralis -DNA-Polymerase, welches ein Kultivieren des transfor- 
mierten mikrobiellen Wirtes nach einem der Anspruche 36, 37 Oder 38 unter Bedingungen, die fur die Expression 
von Thermococcus litoralis -DNA-Polymerase geeignet sind, und ein Gewinnen der Thermococcus litoralis -DNA- 
Polymerase umfaBt. 

40. Thermococcus litoralis -DNA-Polymerase, die durch das Verfahren nach Anspruch 39 produziert wurde. 

41. Ein Verfahren zur Produktionvon Thermococcus litora lis-DNA-Polymerase, welches die folgenden Schritte umfaBt: 

(a) Reinigen der gesamten DNA aus Thermococcus litoralis; 

(b) Isolieren der DNA aus der gesamten DNA aus Schritt (a), die fur die DNA-Polym erase codiert; 

(c) Entfernen einer intervenierenden DNA aus der isolierten DNA aus Schritt (b); 

(d) Ligieren der DNA aus Schritt (c) in einen geeigneten Vektor; 

(e) Transform ieren eines Wirtes mit dem Vektor aus Schritt (d); 

(f) Kultivieren des transform ierten Wirtes aus Schritt (e) unter Bedingungen, die fur die Expression derT, 
litoralis -DNA-Polymerase geeignet sind; 

(g) Gewinnen der Thermococcus litoralis -DNA-Polymerase. 

42. Das Verfahren nach Anspruch 41 , wobei die isolierte DNA die DNA aus Figur Nr. 6 umfaBt. 

43. Das Verfahren nach Anspruch 41, wobei die intervenierende DNA uber eine SpleiGstelle entfernt wird, wobei die 
SpleiBstelle ungefahr von den Nukleotiden 1761-1775 bis 3384-3392 aus Figur Nr. 6 reicht, wodurch ein Konsen- 
susbereich gebildet wird, welcher dem Konsensusbereich III aus Figur Nr. 7 entspricht. 

44. Das Verfahren nach Anspruch 43, wobei die intervenierende DNA-Sequenz die Nukleotide 1776 bis 3389 aus 
Figur Nr. 6 umfaBt. 
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45. Der Vektor nach Anspruch 26, wobei ein solcher Vektor der Bakteriophage NEB 619 (ATCC 40795) ist. 

46. Ein mikrobieller Wirt, welcher mit dem Vektor pCAS4 (Figur 9) transformiert ist, wobei die Transformante E. coli 
NEB 681 (ATCC 68473) ist. 



Revendlcatlons 

1 . Enzyme thermostable purifide, que Ton peut obtenir chez Thermococcus litoralis, et qui catalyse la polymerisation 
d'ADN. 

2. Enzyme thermostable selon la revendication 1 , prdsentant une masse moieculaire d'environ 90000 a 95000 dal- 
tons. 

3. Enzyme thermostable selon la revendication 1 , presentant une activity d'exonuclease 3' -5*. 

4. Enzyme thermostable selon la revendication 3, dans laquelle I'activite d'exonuclease 3'-5' est inactivee. 

5. Enzyme thermostable selon la revendication 4, dans laquelle on peut obtenir ladite enzyme a partir d'E coliMEB 
681 (ATCC 68473). 

6. Enzyme thermostable selon la revendication 1 , ayant une demie-vie d'environ 60 minutes, a 100°C, en I'absence 
d'un stabilisant. 

7. Enzyme thermostable selon la revendication 1 , ayant une demi-vie d'environ 95 minutes, a 1 00°C, en la presence 
d'un stabilisant. 

8. Enzyme thermostable selon la revendication 7, dans laquelle ledit stabilisant est un detergent non-ionique. 

9. Enzyme thermostable selon la revendication 8, dans laquelle ledit detergent non ionique est choisi parmi le groupe 
constitue d'octoxynol, de monolaurate de sorbitanne polyoxyethyle et de nonylphenol ethoxyle\ 

10. Enzyme thermostable selon la revendication 7, dans laquelle ledit stabilisant est une proteine. 

11. Enzyme thermostable selon la revendication 10, dans laquelle ladite proteine est choisie parmi le groupe constitue 
de Serum-Albumine Bovine et de gelatine. 

1 2. Fragment de la sequence nucleotidique representee a la Figure N°6 constitue d'une sequence d'ADN isol6e codant 
la partie amino-terminale d'une enzyme thermostable que Ton peut obtenir chez Thermococcus litoralis, laquelle 
sequence d'ADN isolee a une longueur d'environ 1 ,3 kb. 

13. Sequence d'ADN isolee selon la revendication 12 ( dans laquelle la sequence d'ADN isol6e comprend les nucleo- 
tides 1 a 1 274 de la Figure N°6. 

14. Vecteurcontenant la sequence d'ADN isol6e selon la revendication 12. 

15. Vecteur selon la revendication 14, dans laquelle ledit vecteur est le bacteriophage NEB 618 (ATCC 40794). 

1 6. Fragment de la sequence nucleotidique representee a la Figure N°6 constitue d'une sequence d'ADN isolee codant 
la partie interm6diaire d'une enzyme thermostable que Ton peut obtenir chez Thermococcus litoralis, laquelle 
sequence d'ADN isolee a une longueur d'environ 1 ,6 kb. 

17. Sequence d'ADN isolee selon la revendication 16, dans laquelle la sequence d'ADN isolee comprend les nucleo- 
tides 1269 a 2856 de la Figure N°6. 

18. Vecteur contenant la sequence d'ADN isol6e selon la revendication 17. 

19. Vecteur selon la revendication 18, dans lequel ledit vecteur est le bacteriophage NEB 620 (ATCC 40796). 
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20. Fragment de ia sequence nucieotidique representee a la Figure N°6 constitu6 d'une sequence d'ADN isol6e codant 
la partie carboxy-terminale d'une enzyme thermostable que Ton peut obtenir chez Thermococcus litoralis, laquelle 
s6quence d'ADN isoiee a une longueur d'environ 1 ,9 kb. 

s 21. Sequence d'ADN isoiee selon la revendication 20, dans laquelle la sequence d'ADN isoiee comprend les nucleo- 
tides 2851 a 4771 de la Figure N°6. 

22. Vecteur contenant la sequence d'ADN isoiee selon la revendication 20. 

10 23. Vecteur comprenant la sequence d'ADN isolee selon la revendication 1 3 Nee, de facon a ce qu'elle puisse jouer 
son rdle, selon un cadre de lecture correct, avec la sequence d'ADN isoiee selon la revendication 1 7, pour produire 
la polymerase d'ADN de Thermococcus litoralis ou une partie de celle-ci. 

24. Vecteur selon la revendication 23, qui comprend en outre la sequence d'ADN isol6e selon la revendication 20 Ii6e 
is en plus, de facon a ce qu'elle puisse jouer son role, selon un cadre de lecture correct, pour produire la polymerase 

d'ADN de Thermococcus litoralis ou une partie de celle-ci. 

25. sequence d'ADN isol6e qui code I'enzyme thermostable selon la revendication 1 . 
20 26. Vecteur contenant la sequence d'ADN selon la revendication 25. 

27. H6te microbien transform6 par le vecteur selon la revendication 26. 

28. sequence d'ADN isoiee selon la revendication 25 contenue a I'interteur d'un fragment de restriction BamHI d'en- 
25 viron 14 kb du bacteriophage NEB 619 (ATCC 40795). 

29. Sequence d'ADN isol6e selon la revendication 25, comprenant la sequence d'ADN de la Figure N°6. 

30. Sequence d'ADN isoiee selon la revendication 29, dans laquelle les nucleotides 1776 a 3389 ont 6te deletes. 

30 

31. Sequence d'ADN isoiee selon la revendication 25, comprenant un fragment de restriction BamHI/Ndel d'environ 
4 kb du plasmide pPR969 (Figure 8). 

32. Vecteur contenant I'ADN selon la revendication 29. 

35 

33. Vecteur contenant I'ADN selon la revendication 30. 

34. Vecteur selon la revendication 33, dans laquelle ledit vecteur est le plasmide V174-1B1 (Figure 10). 
40 35. Vecteur selon la revendication 33, dans laquelle ledit vecteur est le plasmide pPR969 (Figure 8). 

36. H6te microbien transform6 avec le vecteur selon la revendication 34 ou 35. 

37. Hote transforme selon la revendication 36, dans laquelle ledit h6te transform6 est E. coli NEB 671 (ATCC 68447). 

45 

38. H6te transforme selon la revendication 36, dans laquelle ledit hdte transforme est E. coli NEB 687 (ATCC 68487). 

39. Proc6d6 de preparation de la polymerase d'ADN de Thermococcus litoralis comprenant le fait de cultiver I'hGte 
microbien transforme selon Tune quelconque des revendications 36, 37 ou 38 dans des conditions convenables 

so pour realiser I'expression de la polymerase d'ADN de Thermococcus litoralis, et le fait de recup6rer la polymerase 

d'ADN de Thermococcus litoralis. 

40. Polymerase d'ADN de Thermococcus litoralis produite selon le proc6d6 de la revendication 39. 

55 41. Procede de production de polymerase d'ADN de Thermococcus litoralis comprenant les etapes suivantes: 

(a) purification de la totality de I'ADN de Thermococcus litoralis; 

(b) isolement de I'ADN qui code la polymerase d'ADN parmi la totality de I'ADN provenant de l'6tape (a); 
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(c) enlevement d'un ADN intermediate dudit ADN isoie selon l'6tape (b); 

(d) ligature de I'ADN provenant de l'6tape (c) dans un vecteur appropri6; 

(e) transformation d'un hdte avec le vecteur de I'etape (d); 

(f) culture de I'hdte transform^ selon I'etape (e) dans des conditions convenables pour rdaliser I'expression 
s de la polymerase d'ADN de T. Mora lis; 

(g) recuperation de la polymerase d'ADN de Thermococcus litoralis. 

42. Proc6d6 selon la revendication 41 , dans laquelle I'ADN isoie comprend I'ADN de la Figure N°6. 

10 43. Procede selon la revendication 41 , dans laquelle I'ADN intermediate est enleve grace a une jonction d'6pissage, 
ladite jonction d'Spissage s'6tendant environ des nucleotides 1761 -1775 aux nucleotides 3384-3392 de la Figure 
N°6, grace a quoi une region consensus correspondant a la region consensus III de la Figure N°7 est form6e. 

44. Proc6de selon la revendication 43, dans laquelle I'ADN intermediate comprend les nucleotides 1776 a 3389 de 
is la Figure N°6. 

45. Vecteur selon la revendication 26, dans laquelle ledit vecteur est le bacteriophage NEB 619 (ATCC 40795). 

46. H6te microbien transforme avec le vecteur pCAS4 (Figure 9), ledit h6te transform6 etant E. coli NEB 681 (ATCC 
20 69473). 
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Fig. 1A. SDS-Polyacrylamide Gel of Purified 
T. litoralis DNA Polymerase 
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Lane 1 : Molecular weight markers 

Lane 2: Purified T. litoralis DNA Polymerase 
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THERMAL STABILITIES OF DNA POLYMERASES 



FIG. 3 



35 



EP 0 455 430 B1 



DNA POLYMERASE S: (•) KLENOW FRAGMENT OF E. col i 

[A) T. litorolis 



1 2 000 — 



8000 



4000 



30 uM dNTPs : (— ) PRESENCE 
(— ) ABSENCE 



/ 



/ 



-dNTPs 



/ 



/ 



+ dNTPs 



HOURS AT 37°C 

RESPONSE OF DNA POLYMERASES TO THE PRESENCE OR 
ABSENSE OF DEOXYNUCLEOTIDES 



FIG.4 



36 



EP 0 455 430 B1 



Q 
Z 
< 

< 

z 
a 

UJ 

> 

< 
Z 



LU 
Z 

u 
a 

UJ 
CO 

< 

>-. uj 



uj — 

CD 



O 

< 
z 
a 



a 
z 
< 



CD 

m 

LU 



5 2 



z 

o 



UJ 



< 

N 

z 
< 

O 



UJ 



52 
L_ 

x 

£ 
a 
m 



ioqx 

9V1 



iyoo3- 



iao33- 



IH03 3- 



\ 



\ 



CD 
CO 
03 
UJ 
Z 

Q 
Z 
< 

CD 
00 
UJ 



\ 



\ 



\ 



\ 



\ 



A/ 



CO 
CD 
UJ 



LJ 



T O 

z 

o 

CO 

co 

UJ 

o: 

Q- 
X 
UJ 



z 
u 
co 

UJ 

cr 
o. 

CD 
UJ 

in 



~i tjj 

I o 



UJ 
CO 
LJ 

tr 

UJ 

cr 

CO 
UJ 

z 



o 

CD 



CO 
UJ 

CO 

z 

o 



u 
z 

3 

o 
z 



z 
o 
tr 

Z 

o 

UJ 



o rr! 
i 

u 



o 

CO 



z 

UJ 
CO 
UJ 

rr 
a. 

UJ 

cr 

CO 
UJ 

z 

—j 

a 
u 

X 
CO 

< 

Q 



LU 
CO 
UJ 

<r 

Q_ 

u 
cc 

X 

o 
oa 

a 

UJ 
X 

o 



37 



EP 0 455 430 B1 



GAATTOQOGA TAAAATCEAT TTTCITOCTC CAITnTCAA TTTCAAAAAC CTAAQCATGA 60 

GOOIAAOCPC TOOOCCTTTC TCTOPCXTIC O0GCTAAO0C TCTTCAAAJVC TCTCTOCaAA 120 

GCaTTTlTIG MGAMflCTO AOGCTOCTCT MGAGQCTCA GTMMX7TGC AATCAGTTOG 180 

TGMGGOTia TTCTOIMAA CBACTOCATG Al'lTlUiftTT TGGATGGGGG TTTAAAAATT 240 

TCQOQGAACT TTTATTEAAT TIGAACTOCA GTT1!ATATCT GCTQCTTATTT A1CTTAOTOG 300 

ACBCTGATBV CMMCAAAA GATQC3GAA0C CTATAATCCG AATTTTEAAS AAAGAGAMG 360 

GQGAOTTIAA AAXAGAACIT O^tXTCJOT TTC3\GOOCTA TA3M3HGCT CTTCTCAAftS 420 

ATCACTOCGC TAJTPGftQGAG A1AAAGGGAA TAAAGGQOGA GMBCATOGA AAAACTCTGA 480 

GMZTQCTCGA TOCAOTGAA& OTCMGMAA AA3TTCTQGG AAGQGAAGTT GAACTCTOGA 540 

AGCTCAXTTT CG&GGAXUOC GAAGAGGFPC CAGCffiTQOG GGGCAAAAIA MGGAACATC 600 

CAGCTOTOOT TCTCATiraC GAATATSACA TBCOCTCTGC C^GOGTEAT CTCAIAGACA 660 

AGGGCTIGAT TOCCAMGAG GGaGMGAGG AGCTEAAGCT OLTmUJlTl 1 GMMTGAAA 720 

OQTTTTATC3V TGZVQGGAGAT GAATZTGGAA AQGG0GMAT M3MITGAIT AOTIATGCOG 780 

ATCAAGAAGA GGOCAGAOTA ATCACATGGA AAAATATOGA TITQOCGTAT tfltiaiti'lTO 840 

TGTOCAATGA AAGMAAAT3 AIAAAGOGTT TTGTTCMGT TGTTAAAGAA AAAGAO00OG 900 

ATGTCAIAAT MdraCWVT GGQGACAA3T TTCAnTGOC CTATCTCAIA AAACOGOC^S 960 

AAAAQCTQGG AOTTOOGCTT GTCTTAGGAA GGGACAAAGA ACTTOOOGAA. COCAAGATTC 1020 

AGAOSATGGG TSVTAOTTTT GCTCTQGMA TCAAGGGTAG AATOCACTTT GATCTTITOC 1080 



FIG.6-1 
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CAGTIGTGOG 



MGGROGAIA MOCTOCCAA 



CGEVEACGCT TCftGQCACTT 



TATCAAGCAG 



1140 



TTTIAGGAAA AAOCAAAAGC AAAnMGAG CW3U3GAAAT TQUUULTA33V TGGGAAACAG 1200 

MGAMGGAT GAAAAA&dA GOOCBGTACT CAATGGAAGA TSCTAGGGCA ACCTATCAGC 1260 

TOQGGHV9GA MTCITO00C A3«MGCTG MCTOQCMA GCTGATAGGT CAAACTCTAT 1320 

GGGEftOGTCTC GAGATCMGC AOOQQCAAOC TOGTGGACTG CTATCnTD* AGQGTGGC3VT 1380 

AOQOGAGGAA TCAAdTQC3V COGAACAAAC CTGATGAGGA AGAGTAIAAA OGGOGCTTAA 1440 

GAACAACTTA OCTQGGAGGA TATCTAAAAG AGCCAGAAAA AGGTTICTGG GAAAATATCA 1500 

nWnTSGA 1TIIXXJCACT CTCTAOOCTT CAAIAATACT TACTCACMC GTTATOOCCAG 1560 

ATAOCXTl'lUA AAAAGAGGGC TC7EAAGAAIT AOGAXOTFGC TOOGATAGTA GGATATAGCT 1620 

TCT9CAAGGA CTTTOOOGGC TTIMTOOCT OCAT7VCTOGG GGACTTAATT GCAATGAGGC 1680 

AAGATATAAA GAAGAAAATG AAATOCACAA TTGAOOOGKT OGAAAASAAA ATGCTOGMT 1740 

AIAGGCAAAfl GGCEATTAAA TTGCTTGCAA ACAGCATCTT AOOCAAOGAG TGGTTAOCAA 1800 

TAATTGAAAA TOGAGAAAIA AAATTOGTGA AAATTQGCGA GTITAIAAAC TCTEAGATOG 1860 

AAAAACAGAA QGAAAAGGTT AAAACAGTAG AGAATACTGA AGTTCTOGAA GTAAACAAOC 1920 

TTTTTGCATr CTCATICAAC AAAAAAATCA AAGAAAGTGA AGTCAAAAAA GTCAAAGCOC 1980 

TC3VEAAGACA TAACTAXAAA GGGAAAGCTT ATGAGAXICA GCITAGCTCT GGTAGAAAAA 2040 

TTAACATAAC TCXTOGCCAT ACTCTGTTTA CW7ITAGAAA TGGftGAAATA AAGGAACTTT 2100 

CT3GAGATGG GAIAAAAGAA GGTGWXTI7V TTGTACCAOC AAAGAAAATT AAACTGAATG 2160 

AAAAAGGGGT AACGAXAAAC ATTOOOGAGT TAATCTOftGA TCTTTOOGAG GAAGAAACAG 2220 

OOGACATTCT GA3X3U3GAIT TCMOCMGG GCAGAAAGAA CTIdTEAAA GGAATGCTGA 2280 
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GMCIT1MG CTGGATCTIT GGMAAGAAA AIAGAAGGAT AAGMCMTT AATOGCEV1T 
wiujfllCT CGAAAAACIA GQOCTEATCA AACTRCTQOC O00OQGAIAT GAACTmCTQ 
ACTQQGRGAG ATTAAAGAAA TATAAACAaC TmOGftGAA GCTTQCTGGA ASOCTIAAOT 
ACAACQ6AAA CAAGAGAGAG TAIITAGTAA T3ITCAAOGA GATCAA3GAT nTOTATCTT 
ACTTOOCACA AAAAGAGCTC GAAGAAR3GA AAA3TGGAAC TCTCAATQGC TTIAGAMGA 
AITOTACTCT CAAAGTOGAX GMGATTTTG GGAAGCTCCT MGTT3VCTAI OTIAGTSAGS 
GCTATOCAGG TOCACAAAAA AATAAAACTG GKGGTEKTCAG TTA1TOGOTG AAGCTTTACA 
ATCAGSNCOC TAAIOTTCTT GAGAGC2VFGA AAAATOTTGC AGAAAAATTC TTTGGCAAGS 
TIMAOTTGA CAGAAA3TGC CTAAGTATAT CAAAGAAGAT QQCAXACTTA GTTATGAAAT 
GOCTCTGTOG AUJAiTAQOC GAAAACAAGA GAATTCCTTC TGTTAIACIC A0CTCIOQ0G 
AAOOQGTAOG GPQOTCAnT TTMAGGCGT AITnTOCAGG CGATGGAGAT AUTVCATOO^T 
CAAAAAGOTT TAGGCICZCA ACAAAAAGOS AGCTOCTTQC AAATCAGCTT GTOITCITSC 
TGAACTCTTT GSGAAXKPOC TCTGTAAMA TAGGCTTTGA CACTQQGOTC TAIAGAGTOT 
AIAIAAATCA ASfiCCTGCAA TTTOCACAAA CGTCT2VGGGA GAAAAACRCA TAOTVL'IX-'IA 
ACTT3VATT0C AAAGftGAIC CTIM3GGAOG TGTTTQGAAA AGMTTOCAA AAGAftCATCA 
OGTTCAAGAA A3TTAAAGAG CLWriUACT CTGGAAAACT TAACAGGGAG AAAGOCAAGC 
TCTTOGAOTT CITCAITAAT GGAGWBflTC TCdTGAGAG AGTCAAAAGT GITAAAGAAA 
AGGAdKPGA AGQC7IATGTC T3VTGAOCIM GOGTTCAGGA TMCGMAAC TTTCTTGTTG 

OTTTTOGrrT gctceatoct cacaacagct ateaoggcta tatcgggtai octaagggaa 

OmXTEACTC GAAGGAATCT QCTGAAAGCG TTMOC5CATG GGGGAGACAC TACAIAGAGA 
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7GAOGATAAG 


AGAAAXAGAG 


GAAAACTTOG 


v^l t riAftGGT TCTTTATOOG GACAGTGTCT 


3540 


GA0GAGAAAG 


TSAGATCAX& 


ATAMGGAAA 


ACSGAAAGAT TAGAITTOTG AAAAIAAAGG 


3600 


MCLTITCIC 
TTGMGCaCT 


TMGCTGGAC 


TACAGCMTC 
GATCAOGGAA 


GOGAAAAAGA MMQO\IT CTOGAMOTG 


3660 


AACTCTGGAC 


Mcnriuxcxu gaauouootc cxrraosrGA 


3720 


TCAG9GACAG 


AG0GAA2AAA 


AGAATOTFOC 


GCKECTOGCT GAOCAACAGC TOOTAIAIAG 


3780 


AIOTraCTGA 


GGATCMTCT 


CTCAIMGCT 


A1C1MACAC OTCAAAAAOG AAAACTGCXA 


3840 


AAAAAATOGG 


GGAAAGACIA 


AAGGMOTAA 


AOXT1T1UA A1TW3QCAAA GCAGTAAAAT 


3900 


OGCTCAIEATC 


COCAAATOCA 


cxxtitaaagg 


ATGAGAAIAC CAAAACDVQC GAAATAGCAG 


3960 


TAAAATTCTG 


GGMCTOOTA 


GGA3TGATTC 


TAGGAGATOG AAACTGGGGT GGAGAITCTC 


4020 




GraTTATCIT 


GGAdTTCAA 


CBGGCMAGA TGCAGAAGAG AOMAGCAAA 


4080 




MOOCTAAAA 


ACTTATQGAG 


TAATCTCAAA CIA1TAOOCA AAAAAOG2VGA 


4140 


MGGGGACTT 


CMCATCITG 


GGAAAGAGOC 


TTOIftAAOTT TMGAAAMG C3VCTTTAAGG 


4200 


AOGAAAAMG 


MGAOSAAAA 


ATTOCAGAGT 


TCATOTATCA GCTlXXXWrr ACTEACAIAG 


4260 


AQQCMTTCT 


AOGAGGACTG 


1TTTC3U3CTG 


ATOGEACIOT AACEATCMG AMGGAGCTC 


4320 


CAGAGATCAG 


GC1MCAAAC 


MTGATOCTG 


AcrrrciAAG ggmotaagg xKxnrKws 


4380 


GGAITOITOG 


AA2TPCAAAT 


TCAATAITTG 


CTGAGWJEAC TOCAAATOQC TOCAATGGTG 


4440 


TTTCTACTQG 




AMCMd3\A 


QGATCAAAAA TAAOT3GOCT 'ITIXXTIUAAA 


4500 


QGAIAGQCTT 


TTEAATCGAG 


AGAAAGCAGA 


AGAGACTTIT AGAACftrrxa AAATCMOGA 


4560 


GGGTAAAAAG 


GAAIZVOCAIA 


GAT3TETGGCT 


TTGATCrTGT GCMOTGAAA AAAOTOGAAG 


4620 
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ASftraOCMA OGMGOTEAC GHTATCACA TTGMCTOGA AGAGAOGCAT AQCTTOriTC 4680 

caAACAAcax ociGG?iacac aatactgaog gcttteatoc cacaaiaooc ggggaaaagc 4740 

CTOMCICaT TAAAMGAAA GOCXASGAAT TOCTAAACTA CaiAAACTOC MftCTPOCWS 4800 

GTCTOCTtGA GCITCAGTAr QVOGGCTTTT ACTTGMVQG MTCTTOTT ACAAAAAAGC 4860 

GCiaTGCRCT CAIAGATCAA GAflGGCSGGA TAACAACAAG GGGCITGGZVA GIAOTAAGGA 4920 

G3VGATTOGAG TCAGAIAQCT AAGGAGACTC AQGCAAAGCT TTTMAGGCT AIACTTAAAG 4980 

AQGGAASTOT TGAAAAASCT GTAGAAGTTG 1TAGAGATGT TGXAGRGAAA AIAQCAAAAT 5040 

ACASGGITOC ACTTCAAAAG CTTGTTATOC ATCA9CA3AT TACCAGGGAT TTAAAGGACT 5100 

ACaAAQOCAT TGGOOCTCAT CTOGC3GATM CAAAAAGACT TOOOGCAA3A GGGKIAAAAG 5160 

T6RARCCQQG OVCAAIAAIA AQCTAIAltJG TTCTCAAAGG GA3CQGAAAG AIAAQCGAIA 5220 

GQGTAATTTT ACITACAGAA TA33AT0CTA GAAAACACAA CTMGMCOG GACTACTACA 5280 

TAGAAAAOCA AGTTTTGOOG QCAGTACITA GGATACTOGA AGOGTTTGGA TACAGAAA3G 5340 

AGGAITTAAS GTATCAAAGSC TCAAAACMA OOGGCTTAGA TQCATGGCTC AAGA3CTA3C 5400 

TCTOTTGCIT TITAOTOCAA ^mC i aJUL ' GAGTCTCTCT MCICICITT TGTA2TCTQC 5460 

TATCTGGTTT TCMTX3VCTA TTAAGTASTC CGCCAAA30C ATAAOGCITC CAAITOCAAA 5520 

^rir^ j gc r c r ttct^-ctctc togcctc£?a rrc?c!rxrvr cttthtgcat ijjiux' r iw sssc 

OOCTCTTCTG CTAAQOCTCT OGAMVITIT TCTT9GOGAA GAOTGTACAG CIATCATCAX 5640 

TATCTCITOC TCTGGAAACG CATCTITAAA OGTCTCAAIT TCA3UEAGAG A0CTCACT0C 5700 

Girarrm actgocitct acttcttim Trarrcrm aoctttcgga togttaatit 57 60 

TGOCBOGGCA TTGTOCOCAA GCT0CTO0CT AAQCTGAATG CTCACACTCT TCBIAOCTIC 5820 

GGGACTTTCIT GQGAHX3C 5837 

FIG.6-5 
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ASSAYS OF A VENT POLYMERASE VARIANT WHICH 
LACKS 3' TO 5' EXONUCLEASE ACTIVITY 
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POLYMERASE UNITS ADDEO 
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